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ABSTRACT

"'The study deals with dust in desert terrains -its composition, distribution and the
relation to landforms, climate and age. Most of the dust in deserts is derived from soils
and surficial deposits. These, in turn, are associated with landrorins that are readily iden-
tifiable on airphotos (and in many cases - on topographic maps and space imagery).

Emphasis is placed on particle size distribution, mineral composition, the composition
of salts and the distribution with dppth. The interrelations with atmospheric dust in and
from deserts are underlined.

The largest content of dust is found in loessial soils, Takyr soils and the thick Reg and

Ilammada soils. Young gravelly alluvium, dune sand and some playa soils are rather poor
in dust content. The thickness of the continuous dust-rich layer is greatest in loessial soils
and deposits and Takyr soils. The thinest dust horizons are found in young Reg and Ham-

mada soils.

Salts and gypsum are typical constituents in desert soils. Usually there is more gyp-
sum than salts. Both show in the dust and the sand fractions and their content increases
with soil depth. The most saline are Solonchak and Reg soils. The least saline are sand
dune soils, young gravelly soils and loessial soils in the less arid environments.

The composition and distribution of the dust-sized materials are presented in quanti-
tative terms. 13

Ground cover/protection is of several types: desert pavement, loessial crusts, biologic
crusts and salt crusts. A proced,,ra f-,r *vui.jaticn ur dust -vailabilil., 11 desrt terrains
accompanies this report. . -.......
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PREFACE

Oust in desert terrains is concentrated primarily in &oil* and surficial deposits.
The present study deals mainly with these two media. Trhe desert# of Israel and
Sinai are similar in many aspects, such so lsndforrns, deposits and soils, to other
hot deserts. The studied terrains represent - in principle and practice - many
widespread desert landscapes Quantitatively, there are certainly some differ-
onces, but the reader may use the results of the present study as on approx~imation
for similar terrains eli where.

We have benefted greatly from the research and analysis presented by many
colleagues. We are grateful especially to J. on, O.H. Yaslon, H Koyumdjisky and
E Ganor for providing data, analyses and interpretations in their studies on soils
and dust We have consulted them occasionally-

The help of several collaborators is gladly acknowledged: Ui. Arnit, for dawapro-
cess.'ng and analy.;is; T. Sopher and N.Z. Baer, for drafting the figures; Are'i
Rosen, for assistance in the fleld and in the laboratory;- Arlene Rosen, for editing a
pO-tion of the present report; M. Frankel, for word-processing, format editing and
printing of this volume.



PART A. INTRODUCTION

A.1 SCOPE AND OBJECTIVES OF STUDY.

The present study aims at assisting a planner to evaluate the availability of dust in desert
terrains - on the surface and at a shallow depth. Such an evaluation Is important especially
in areas for which there is no direct opportunity to examine the landscape in the field.

Dust in deserts is found primarily in surficlal deposits and in soils. Such deposits and soils
are closely associated with host-landforms. These landforms may be readily interpreted and
Identified from airphotos, space Imagery and maps which are often available for unexplored or
inaccessible deserts.

Two objectives underlie the present study:
1. To estimate or evaluate the amount, composition and distribution of dust in desert soils

and surficial deposits.
2. To lay the foundation for a procedure for evaluation of dust availability in desert ter-

rains.

The study wa. carried out in the deserts of southern Israel (the Negev, the Dead Sea Rift,
and the Judean Desert) and Sinai, which may serve as a model for other deserts (fig. A.1).

The general setting of the selected desert region is as follows:

1. Lithology (the lithostraeigraphy Is presented in fig. A.2). Southern Israel, most of the
Sinai and southern Jordan, are underlain mainly by carbonate rocks - limestones, dolomites,
chalks and marls of upper Cretaceous and Tertiary ages. Shales and flints are exposed in cer-
tain (mostly eynclinal) areas Along the margins of the Arava (Rift) Valley there are expo-
sures of sandstones of Paleosoic to lower Cretaceous ages, overlain by carbonate rocks. In the
southernmost Negev, eastern and southern Sinai, and southwestern Jordan there are exposures
of igneous and metamorphic rocks of Precambrian age - granites, diorites, syenites, various
porphyritic rocks, gneisses and schists. Fluviatile gravel is widespread in the plains of the
southern Negev and the Arava Valley. Dune fields are located in the northwestern Negev and
loesasial terrains are typical of the northern margins of the region. A pedologic expression of
these later deposits are presented in the soil map, fig. A.3.

2. Physlography and relief. The gross physiographic features of the Negev and the Sinai
are related to the following elements and basic conditions: a. Geologic structure: fault escarp-
ments along the Arava Rift Valley and across the central and southern Negev; elevated anticli-
nal ridges and synclinal depressions; inversions of relief as best exemplified In the deep, escarp-
ment skirted, erosion cirques at the cores of three major anticlinal structures (plate 7A);
plateaus, built of fiat lying limestones (plates 1B, 7A). b. Stream valleys and hillslopes of
mountaineous (>200m in relief and >200 in gradient) or hilly nature (20-200 m in relief and
<20° in grauient; plate 8 A-C)_ These are erosional features which are expressed in all types of
cohesive rocks (plates 7-8). c. Escarpments - InnKg ' ' continlous steep .Mopes foru., d t'

,g ', d/or erosion, built of limestones overlying chalks and shales, flints overlying chalks
or in rather monolithologic terrains along majoi fault lines. d. Plains (<20 m ir relief and
<100 in rradient) are characteristically related to graveily, sandy or loessial deposits (plate
IB). e. Badlands which are li:nited to areas of steep gradients where shales, chalks and loess
a are exposed (plate 9). -Il

. A I



'A.m

-1, A '" A

-... ('-" ° - r_-i1t.A -

""... . . :- -- n ,

; - " &TiAAl ' .

-* Ut , ' " /St "-a-

" 
a- a-

o~ ~~ *S AR

-' ,i, (LA .Y • ..

' -, -- C.

*I z

-,., ,,,, i(); . A u . , I , ",

- o..J. . . ,' .

84 sat

I"" .,z t " at a All.,

( ) \ ;* ,

-,I" .. - IlO -* - o ,MPAn AN . h raki•al nu iueA. oa~n m p - TeNgv

.,~~ ~ ','.) -. ..... ,A

&B,
1
-A.- ,-/ - Inh,-bsd'Valy adh=u en e :men an a

l-OG '/ -_n iP'I ___O _____V___ n uAiia epsi

ALL.

, ,' i ( )4 iTHANA VALLEY¥

I 10 a) (339 A.V ON '" ;
",, , IA |NN U( (1) (PLAY)"J,

,, t. ( EZ M (1,o e ) EL •28 - .• ,

, R ".. " .
( , 
LA

o 6 '
t

• .) (7) N1wer of om I 'lI$e

,,. --- -- ... Mea A,".,,aJ' ' - .,ni..,o, , mm,

l@~ ~ , "; 1--0--,ol (Mean, V, ,, ,,,lFigure A.1 A location map --The Ne",

/! ;A -100 w19-31.. . 19 90, rr n om ortheastern Sinal,, part of the Dead Sea Rift

/9 m.-"A i n, -- iioiyol, baSo on V lly and the Ju dan Desert: m ean an nal

IoT MO kUU1kI da-a ra--- - i a l ll and ite s of oil pro files and secto s
l,._ ,oo ----. I.? in murficial deposits.

A 2

L



4 4)

.1 44

I C,

rc. I - saOo Z

A- 3



3. ClIiate. The climatic regimes of the hot arid environment are here subdivided accord-
ing to the mean annua! precipitation as follows (modified from Dan, 1981): a, Semi-arid -

400-250 mm/year; b. Moderately arid - 250-150 mm/year; c. Arid -- 160-80 mm/year; d.

Extremely arid - <:80 mm/year. This subdivision is based on areal distribution of vegetation

associations, and geomorphic processes, such as the relative significance of .aechanical weath-

ering and diagnostic soil associations.

Most of the Negev and the Sinai is a hot desert under arid and extremely arid climates (fig.

A.1). The northern fringes or the Negev are moderately arid, recieving 150-250 mm/year of
mean annual precipitation, and having a mean annual temperature of 19-211C. The northern

and central Negev are arid in climate - 80-150 mm/year of average precipitation and 19-21'C

in mean annual temperature. The southern Negev and the Arava Valley are drier and hotter:

less than 50 mm/year of average precipitation and above 231C in mean annual temperature.

Mean annual relative humidity decreases from 55-607 in the northern Nugev, to 40-50% in
the southern Negev. Potential evaporation is bigh: 160-180 cm/year in the northern Negev, and

180-270 cm/year in the southern Negev and in the Arava Valley.

A.2 A GENERAL STATEMENT.

Dust Is here defined as material composed of particles smaller than %0.063 mm in
diameter. It is the silt (0.063- 0.002 [am) and clay (<0.002mm) fractions in both surficial depo-
sits and the atmosphere.

Dust is present in appreciable amounts - usually larger than several percents - at and

close to the surface of man) desert terrains. Most of the dust is to be found in desert soils and

surficial deposits, and in joints between rock blocks. The occurrence of dust as a major com-
ponent in the exposed bedrock is less frequent. Shale, chalk and mudstone may serve as exam-

ples.

The sources of dust in deserts are diversified. Dust may derive from two groups cf

sources:

1. Primary sources: products of in situ rock weathering; volcanic ash; marine aerosols;
particles of biogenic, anthropogenic and cosmic sources.

2. Secondary sources: alluvial and colluvial sediments; soils; eolian sediments such as

sand dur.es and eolian loess; deposits of standing water, as found in playas and dried lakes.

These secondary sources have acquaired the dust from the atmosphere. Atmospheric dust set-

tled, was trapped for a period of time, or may have been eroded, transported by runoff and/or

wind and again deposited elsewhere. Hence, dust is a recycled material. Its quality and quanti-

ty at many sites are controlled by laws of erosion, deflation, transportation and deposition.

.4

A.8 TIlE ASSOCIATION BETWEEN DUST, SOILS (OR DEPOSITS) AND LAND-
FORMS IN DESERT TERRAINS.

Three major factors govern geomorphic processes that shape the landscape, the evolution

*n svdforms and the development of aridic soils in deserts:

N,
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Table A.t: FhySiograph~c Unirts, Landfernms and Associated SoisSurficral Deposits

Landtorm Landform Relief Souwcelparrere material Climrate Soil Type: Type of Suwficial Deposit
ComTponent Type

Lese Plain Plai, Loess Send-arid to Looe, Loessial Soil
Moderately Arid

Plays. Sabirha P1i Arid to Extremely
Arid

aCerrier Fine Aliuim Talryr 50.1. Solonchak Soil
Transition

A.Zone Sandy to Fine Alluvium Solonchak Scii.Takyr Soil
Margin Gravelly to Sandy Rag Sod. Soloxrchak Soil

C Alluvium

Sand Djuns Hillt Sand

a OL.:qt X Sent Arid to Arid Sand; (tegosot
.ttULMi Arid tn Extremely Eolian Sand

Arid

AI*Nit tr-race Terrace Plain Coarse Aliukrn Arid to Extremnely Reg So.l
Tread Arid

Loess Semi-arid to Loess. Loessial Soil
Mbodaraly Arid

Sand Seni-arid to Alluvial Sani. Sandy Ragosol
Extremely And

-r.lFar. Th-rae Pain Coarse Alluu Arid tor Extvernely Rag Soil, Gravelly Regosol
Tread Arid (on siove ds)pos Is)

c rx.,silirr. h. Coarse Colirnt Arid to Extremel Rag Soil Gravelly Regosoll
I .~s-llPai '3e Allkrvu Arid

d ' Eiena 11,1. Coarse AtiiNks Arid to Extremely Coarse Op-iert Alluviuxm Incipient
Plan Arid Rog Soil

oi Rockcult Terrace Terrace Plain Hard/Soft Berock Arid to Extremely tlanmda, Lithosol

0 ~Tread Ai

Fan
a. k~lvial Fan Plain Coarse Alluviumi Arid to Extremely Coarse Desert Aftuvum. Incipient

Arid Reg Soil
Coarse andlor Fine Arid to Extremely e.g.. Brown Alluvial Soil,

FAttihrn Arid Alluvial Gle

b. Dctris Flow Fan Plain Debris Flow Deposits Moderatel Arid to Debris Flow Deposit. Sieve Deposit.
Extremely Arid Gravelly Ragiosol

Active Channel Plain Coarse and/or Fine Seni-arid to Gravel. Sand. Silt. Clay. in Varying
anid/or Floodplain Alluviumr Extremelty Arid Propor tions: Coarse Desert Alluviun.

Alluia Sand. Less. Inipient
Reg Soil

Plateau Crest Plain. Hard. Brittlo Bedrock Send-arid to tiammrada Soil Littsosol
Hit Extremely Aril

Fiat Plain Hard. Brittle Bedrock Send-arid to tianmada Soil Uthosol
Divide Extremely Arid
Saddi Hil Hard Brittle or Soft. Send-arid to Lfthoscl. Loesslal Serozem.,

Erodible Rocks Extremely Arid Serozemt Uslisnada SoNl

wekidlllng Hills HiM Soft. Erodible Rocks. Sendi-arid to Loessil Soil, Dune Sand. Alluvial
Loess. Sand Extresmely, Arid Sand. Sandy Regosol. Lithosol.

Serozein Soil

Badlands Hile Soft Erodible Bedrock. Send-arid to Uthoso. Ragosol Loess
Doess. shale, inerk Extremely Arid

Rocky Hiltetoper Moutak Hard. Brittle Bedrock Send-aid to Uthosol (not continuous. often In
Hill Extremely Arid patches)
Mounain Soft. Erodible. Friable Semd-adld to Litiroso. Reposol, (Oftwen in
Hill Bedrock Extremrely Arid patches)

S Colhrval H411laloper Footellope Moutahn Hernt Brittle anid/or Senti-arid to Loessal Serozent. LitttoW
Hill Soft Erodile Rocks Exitrtmely Arid

Talus Hrillslopie Moutain, Moderately Arid to

a. Debris FloWHl Debtsa Flow Deposits Exrml rd Gravelly Rr-osot. Pap Sol
Talus

b. Sieve Deposit sieoe Dwpante Gravelly Regoso. Rsg So
Talus

c. Roclrfall TaWu Rocitfall Deposits Gravelly Regosol. Rag SONl

A 5



Notes on Table A.1: Physiographic Units, Landforma and Associated
Soils/Surf cial Deposits

The table relates soil types and surficial deposits to the various landscape
features (physiografic units or landforms) that are widespread in deserts (Table E.2.1
characterizes soils by their dust attributes ano some other properties, such as gravel
and salt content)

The subdivis un of landscape selected here enables the user to separate
landscape features according to two categories,

1. Landfor ns that have a clear signature on regularly used visual aids.
2. Landforms that cary Soils that may be easily identified and are different from

each other.

All of the widespread desert landforms are included. The general order of the
landforms in the table ieflects the abundance of dust in the soil and to a certain de-
gree takes into account the frequency of occurrence of the landforms In desert ter-
rains. Since we could closely examine Mid-Eastern soil only in the Negev and the
Sinai. the data reflect desert terrain in these regions; they are, however, very similar
to other desert terrains in the Middle East.

Relief types are subdivided into three groups:

1. Mountains: relief > 200m; gradients > 200.
2. Hills relief of 20-200m; gradients > 150.
3. Plains. relief < 20m; gradients usually < 100.

Source and parent materials of different hardness, weatherability and erodibility
miy determine soil nature Hard, durable rocks, such as dolomite, 'lint, syenite and
c.niite, ustually weather into gravel, which harbours dust and salts from external
sources (windborne and washed-in by water). Soft, friable rocks such as shales.
chalks, sandstones ..ind mudstones weather down to sand and finer fractions, mixed
with external dust and salts.

The cl:ma!te in hot arid environments i. here subdivIdOd into four rogmo,, accord.
ing to mean annual precipitation:

1. Semi-arid - 250-400 mm/year;
2. Moderately aric - 150-250 mrm/year;
3. Arid - 80-150 mm/year;
4. Extremely arid - < 80 mm/year.

1. Lithology - rock composition, texture and structure. This factor largely affects the
mode and rate or weathering, the type of weathering produicts, the roughness at the surface, the
susceptibility of the debris mantle to eMsion by runoff and wind, the porosity and permeabili-
ty at and near the surface. Soil properties and soil development at any particular site in deserts
are strongly influenced by 'he type or bedrock or surficial debris mantle. The original composi-
tion, texture or structure of the parent material are to be observed in desert soil for very long
prriods of time.

2. Climate manifests its influence on desert landrorms and soils mainly through precipi-
tation and wind. Rainfall amount, duration and intensity determine water availabilty and
thereby control the processes of runoff, erosion, mass movements and leposition. Water infil-
t,ation controls the penetration of dust into the soil profile as well as introduction of salts,
precipitated upon evaporation Atmospheric circulation and wind introduce most of the air-

borne dust and salts into a given site. Settling dust, dissolved salts, infiltration and runoff
determine the nature of the soil.

3. Topography or the physiogrphic nature of the landscape. Factors such as gradient,
aspect and surficial roughness are included here. The processel that shape and maintain both
the landforms and the soils are largely affected by topography. Especially significant are the

A6
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cundition or a landlorm - degradation, stability or aggradation. On a etable surface the rate

of soil formation and maturation is usually the most rapid.

A:, entphasised in chapter A.2 dust in most desert terrains is a secondary, allochtor ous ma-

terial. The accretion of dust in the soil is a function of the flux rate of dust import and settle.

ment as well as the condition of the potential receptacle - the type of debris mantle, the

stability of the surface, the mode and rate of penetration, etc.

The interaction between the iandform and the climatic elements is beat reflected in the

desert soil. The genetic relationship between soils and landforms on the one hand and litholo-

gy, structure, gross physiography and climate on the other hand, enable us to subdivide the

landscape on the basis of these later major controlling factors. Table A.I presents a list of the

most frequently encountered desert landforms. These are also readily identified on airphotos

and may be interpreted from large scale topographic maps. Twelve major types of landforms
arc recognized; furCter subdivisior eads to a total of twenty types (plates 1-9). The soils re-

lated to these landforms are listed in the last column of table A.1. Certain soil types are
unique to parti, ular landforms whereas others are characteristic to a group of landferms. For

definitions of th.-se landforms and soils the reader ii referred to the glossary in Appendir G.4.

A.4 DESERT SOILS AND SURFICIAL DEPOSITS - CLASSIFICATION AND
DEISCRIPTION.

In o rder to be able to estimate or predict the properties of desert soils or deposits in areas

which are irneccessible, and to use available tools such as maps, airphotos, and climatic data, it
is necensary to rcs-.rt to a Jia-ification based on gross landscape features. A soil classification

founded on parent material, landform and climate is largely genetic in nature. Such a genetic

soil classilicati,,n was chosen for the pr-sent report. It has bern in use in Israel for the last

thre decades (Dan Ct &l, 1962; Dan et al, 1972; Dan et al 19715). This soil classificatioa includes

the following soil orders and soil types (only the material pertraining to desert terrains is

presented here):

1. Climatogenic soils: Serozern soils, Reg soils.

2. Lithogenic soils: Ilaminmada soils, Lithosols, Regosols.

3. Fluviogenic and eolian soils: coarse desert alluvium, alluvial sand, eolian sand loess,
loessial soils.

4. Ilydrogenic soils: Takyr soils, Solonchak soils.

These are the soil types frequently encountered in hot-desert terrains. They are typica, to

the Negev, Sinai and similar Mid-Eastern deserts.

The following is a brief characterization of the more widespread soil types (for additional
information sce a Gloss- y in Appendix 0.4):

Loessial Soils (aridc)

These are relatively thick (40 -200 cm) soils, usually of loam, silt-loam or silt-clay-loam

composition, developed on primary eolian or reworked loess. They are usually found in the

semi-arid to mouerately arid fringes of Mid-Eastern and other deserts, or areas which were

under such climatic ronditions in the past. Buried or exposed paleosols in loessial sections are

A7
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occasionally more clayey in nature. Aridic loessial soils often contain pedogenic CaCO3 in no-

dules and may contain low concentrations of gypsum and/or salts. The soil is usually covered

by a thin (1-3 mm) loess crust, usually denser and more cohesive than the undtrlying A hot-

ison. The typical landscape of loessial terrains Is fiat, undulating or badland, with relief usu-

aly < 20r (Plate 9A). The natural vegetation is a grass-steppe type. Under desert conditions
shallow and saline gypsic Serosem soils develop, often containing some gravel.

Takyr Soils

Takyr soils are relatively thick (40-100 cm), of clay-loam or silt-clay-loam composition,

and develop at the center of plays.. These soils carry low to moderate amounts of gypsum and
salts. The average thickness of the major soil horisons is: A - 7 cm, B - 18 cm, C - 50 cm.

The soil develops on fine grained fluvial and eolian sediments deposited at the center of playas.
It is usually gravel-free. The terrain is flat and is occasionally inundated by flood water. The

soil may remain wroist for several months a year. Usually there is a thin loess crust overlying
the A horison and the surface is poor in vegetation or sterile.

Solonehak Soils

Solonchak soils are highly saline plays and sabkha soils. Usually they have poor or no

pedogenic structure, since their properties are determined by both deposition of fiuviatile and
eolian sediments and precipitation of various salts by shallow ground water and inundating

flood water. At the surface there are crusts rich in salts and gypsum. Highly concentrated salt
and gypsum layers are found at depth. Sometimes the soil Is composed of saline silt and/or

clay, but in other cases the soil is coarse textured with an abundance of fine gravel and/or
sand. Soil thickness varies from several tens of em to more than a meter. The relief is fiat with

some undulations, usually less than 100 cm high. Moisture is usually found close to or at the

surface.

Reg Soils

Reg soils are gravelly soils developed on surfaces composed of coarse alluvium, i.e. alluvial

fans and alluvial terraces. Their thickness ranges between 30-40 cm in Holocene Reg soils to

more than 100 cm in Reg soils on older (Pleistocene) alluvial surfaces. The typical soil profile
consists of a surficlal gravelly desert pavement, a vesicular horison underlying It (0.5-7 cm
thick), a gravel-free or gravel-poor B horison (<25 cm) and a gravelly C horison (usually <35

cm). There are certain cases in which the B and C horisons are thicker than Indicated above. B

and C horisons of old Reg soils contain large amounts of pedogenic gypsum, salts, and in many

cases, CaCO3. WII developed Reg surfaces are devoid of vegetation. The older the surface tl e

smoother it is. Holocene surfaces retain their gravel bar and swale configuration and rough-

ness (Plate 5B), wheras surfaces older than 50-70,000 years are veneered by a complete cover cf

mechanically weathered angular gravel of <10 cm in sise, to form a smooth desert pavement

(Plates 11A,B; 14A,B). Under such a pavement there Is usually a gravel-free horison composed

primarily of dust, gypsum and salts.

ilarmada Soils

liammada soils are gravelly soils developed in-site on bedrock, on fRat or gently sloping ter-
ralr,s. The gravel Is usually mixed with a fine earth fraction composed mainly of dust, from an

airborne source; some fine material Is formed by weathering of the local bedrock. The surficial

appearance and the scil profiles Is very diversified:
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1. In terrains built of hard brittle bedrock there are usually blocks of exposed bedrock and
pockets of soil in-between (Plate 14D). The soils range from gravel and flines with poorly de-
fined horisons, to pockets of loess in shallow depressions.

2. On hard bedrock one may find old ffammada soils that resemble old Rag soils in most

respects: a desert pavement of varying degree of evolution at the surace, a vesicular A, hor-

ison underlying the pavement gravel, a B horison of varying degree of dust accretion (some-
times gravel-free) and a highly gravelly C horison merging with the bedrock. Plate nA illus-

trates a very well developed Uiammada soil on a limestone plateau.

3. In terrains built of hard sandstone, one often finds sandstone gravel overlying sand or

sandy loam as a typical Rammads soil (Plate 14 C).

!Jammada soils are usually gypsic, saline or calcic.

Llthosols

Lithosols are shallow stony soils without very distinct horisons, on a weathered or a
slightly weathered bedrock and usually they are saline. They are, then, similar in general ap-
pearance to some Hammada soils. However, the term lithosol usually applies to the soils that

are found on hillslopes, generally over a soft bedr-ock such as chalk and marl. In these cases

they are light in color. They are darker where they are developed on hard rocks, such as lime-
stone.

Serosem Soils

Serosem soils are aridic soils (usually of grey, grey brown color) that have calcic, gypsic

and/or saline horisons at shallow depths. Excluded are several soils which may have some
similar characteristics, such as Reg and ijammada soils. Under the Serosem soil category one
may find loessial Serosems, stony Serotems, and calcic Serosems. In all these soils the amounts
of dust are high, often several tens of percents.

Sandy Solls

Sandy soils are soils whi.h include sand as the major textural component. Such soils are

rather diversified, according to the pedogenic processes irvolved. Hence, one may define sandy

Solonchak soils, sandy Regosols, sandy loessial soils, calci- alluvial sands and others. The dust

gized fraction in these soils may reach 10-30%.

Regosols

Regos~ls are poorly developed soils derived from unco isolidated parent materials (gravel,
sand and loess). They are rather deep and are typical to hillslopes or badlands. In deserts there
are several types of Hegosols: gravelly Regosols, on sieve deposits and other unconsolidated

gravelly slopes; sandy Regosols, in sandy terrains; and loessial Regosols on hillslopes in loes.
sial terrains.

Alluvial Soils 4

Alluvial soils are usually soils that are fluvially derived from some other areas than where

they have originally formed. Such soils are accumulations of soil material which has been
eroded elsewhere. Within this category one also finds soils that have developed out of alluvial

deposits: the structure or stratification of the alluvium is clearly visible in them, in spite of
pedogenic horisonation.
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A.6 THE FRAMEWORK OF THE REPORT.

The present report includes the following topics:

1. Atmospheric Dust in Deserts - a Review.

Since much of the dust in desert terrains Is allochtonous - introduced into the deposits

through the surface of the soil - it is of paramount interest to recognise the nature and

characteristics of the dust in the atmosphere. Several subjects are emphasised here:

mobilisatlon, transport and deposition; particle sise distribution; mineral composition.

2. The Non-Gravelly Materials In Desert Soils and Deposits - Sand, Dust and

Salto.

The soil and deposits in deserts are composed of two fractional components - gravel and
fine earth. Gravel, as related to dust, is treated briefly in part D of the report. Fine earth -

sand, silt and clay - are of a major concern as the theme of this project, Texture - sire

distribution and composition - it described and analysed in chapter C.I. Textural feature of

non-saline components, composed mainly of quarts, feldAspars, calcite, dolomite and clays are

presented and discussed. Some of these features are utilised and compared in the following

chapters. The mineral composition is described and interpreted in chapter C.2.

Desert soils and deposits usually contain significant quantities of salts including chlorides,

sulfates (mostly gypsum) or carbonates. These salts appear in the soil as dust-sised particles

or aggregates, that also affect the consistency of the soil. Chapter C.3 deals with salts, their

composition and distribution.

Most desert soils and some desert deposits are veneered by a distinct layer or crust, usually

of greater consistency than underlyirg layers or horisons. Although the mechanical charac-

teristics of these surficial covers has not been studied undir the scope of the present report,

some features that may be pertinent to the ease of dust release are described in chapter C.4:
ground cover - types and occurrence.

3. Gravel in Desert Soils and Deposit s.

Gravel constitutes a major component in many desert terrains. It is both a primary debris

produced by weathering on hillslopes and plateaus, and a frequent fraction in fluvial deposits.

Gravel serves as a major trap for settling airborne dust. Both gravel and dust combine to form
a variety of dust-rich gravelly soils. Some comments on the relationships of gravel, dust and

salts are presented in part D.

4. A summary and Discussion of dust in desert terrains is presented in part E. It in-

cludes the main issues presented in the former chapters, together with a general interpretation
of the evolution of dust mantles in deserts. The broad quantitative trends are emphasised in

part E: The rates of dust and salt accretion, the evolution of desert soils, the effects of chang-
ing climates and paleosols and a comparison between dust related properties in the terrains of

the Negev and Sinai.

5. References.

Part F contains the references used in this report. Special attention should be given to the
T sources of information and soil data supplied by the articles and monographs on israeli soils

Data concerning loessial soils, serosem soils and sandy soils were drawn from these sources.
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6. Appendices.

Part G serves as a source of information and lays a fonadation for parts B - E. Part C
includes the appendices. Fleld and laboratory methods are dscribed, and soil data and profiles
are presented. A giossary serves for definition of the technical terms used in the report. The
reader Is encouraged to become acquainted with the appendices before using the report.

This report is accompanied by a procedure for the ev6auatlon of dust potential In
desert terrains. The methodology for dust evaluation is explained In the procedure, whereas
the data on which it Is based, their analysis and Interpretation are presented in the report.
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PART B ATMOSPHERIC DUST IN (AND FROM) DESERTS
A REVIEW

B.1 INTRODUCTION

Dust in the atmosphere is an important factor of a global scale. Its effects are far reaching;

several are mentioned here:

1. Climatic effects: a partial screen for incoming and out going radiation and a nuclea-

tion agent for raindrop formation. Climatic changes may have been caused by dust in the atmo-

sphere.
2. Dust is an important blo-ecological factor. Its existence and concentration may

determine or effect the survival of certain faunal and floral species.

3. Dust is a major sedimentary component. It is one of the main contributors to both

marine and continental deposits.
4. The effects of dust on human ecology may be profound. Its existence in the air deter-

mines visibility, effects the respiratory system, the eyes and the skin. The operation of various

machines and instruments may be effected by dust of high concetration.

Deserts, where there is in many cases no protective cover such as vegetation or gravel, are

especiaily prone to have a dusty atmosphere. Most of the mineral dust in the atmosphere is

derived from deserts and carried all over the continents and the oceans by the global atmos-

pheric circulation. The major dust contributor is the Sahara Desert; it yields beetwen a third
and a half of the global desert dust.

The Middle East, containing a vast desert area and being close to the Sahara Desert and
downwind of it, is signifcantly affected by desert dust. The following chapters emphasise ex-
amples from studies on the Sahara and the Middle East. Since much of the material and the
interpretation in the present report are related to desert terrains in Israel and the Sinai, we
present in Part 13 data on desert atmospheric dust in this area.

B.2 THE SOURCES OF DUST

There are two groups of sources to the atmospheric dust in deserts:

I. Primary sources: weathering products, volcanic ash, particles from blogenic origins,
marine aerosols, cosmic dust and aerosols produced by man.

2. Secondary sourees: Colluvial and alluvial deposits, desert soils. eolian sediments -
sand and loess, lake and plays sediments.

All these sources combine to form a large reservoir of dust in deserts. Especially im-

portant are the secondary sources of alluvial sediments, soils and sediments of playas and
dried lakes. Outcrops of shales, marls, chalks and sandstones contribute large amounts of dust
upon weathering; such are vast areas in the northern Sahara, the southern Levant and the
northern Arabian Desert.

Vast areas of weathered rocks, various surficial deposits and desert soils yield fine earth

particies - sand and dust. Along the desert fringe, in moderately arid to semi-arid environ-

ments, there is a combination of the effect of man - grazing and often cultivation - and
drought, to form a dust producing sone (fig.B.2.1). Man's activity in such a sensitive environ-
ment often and repeatedly leads to erosion, deflation and desertification.
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Figure B.2.1 Erosion and dust mobilisation fol-

lowing overgrasing for aridisa-

tion). From Lundholm (1979).

The Sahara is a major source or desert dust. Several IOg tons of dust are lifted into the

atmosphere and are transported towards the Atlantic Ocean and the eastern Mediterranean
region. Ganor and Mamane (1981) quote large amounts of dust leaving the Sahara towards the

west (70 106 tons/yr) and the northeast (some 20-106 tons /yr). Jaenicke (1979) estimates about

200 105 tons/yr transported and deposited in the Atlantic Ocean. Figure B.2.2 illustrates some
of these trends. Yaalon and Ganor (1979) have traced regional dust storms moving from Libya

and Egypt to the southeistern Mediterranean and the Levant, as presented in figure B.2.3.

Some of these storms are derived as cyclones from the western Mediterranean basin and their
trajectories are deflected eastward and northeastward over the Western Desert. Other trajec-

tories are those of the Sudano-Saharian depressions which cross the Sahara from south to

north and are dealected to the east (Dubief, 1979; fig.B.2.4).
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Figure B.2.4 Trajectories of Sudano-Saharian depressions and limits of

the polar front and monsoon rains (Dubief, 1979).

Other prominent source area of atmospheric dust are the Arabian Desert, the deserts of

south rentral Asia, the Australian deserts, the Kalahari and the Namib Deserts and the

deserts of western South and North America - Atacama, Sonora , Mojave and the Great

Basin.

B.8 METEOROLOGICAL AND SYNOPTIC CONDITIONS

There are several main meteorological conditions for the raising of dust and the develop-

ment of dust storms (Jackson et al.,1973; see also chapter B.6):

1. Strong heating or the ground.

2. Development of local and large scale convections and ascending trajectories.

3. Conditions producing cyclonic storms, related to strong upper-level jet streams. 'Major

dust storms are produced when the upper-level jet and the strong surface heating interact"

(Jackson at al., 1973,p.139).
4. Increasing horizontal pressure gradients, which may lead to wind speeds of 30-35 knots

or more with gusts of wind, related to local circulation.

All these bring about ascending currents and horizontal winds that mobilize and transport

dust on local and regional scales. Dust may be lifted to elevations of several km and tran-

sported to distances of thousands of km from its source area (chapter B.6).

Many typical storms incorporate descent and heating of the air, which may lead to ex-

treme drying of the ground, enhances surface temperature, increase evaporation from the sur-

face, cause destabilization of the near-by atmosphere and further another major cyclonic

development (Jackson at al.,1973).

An illustration of the synoptic situation during a typical dust storm is presented in figure

B.3.1. Most of the dust storms in the Negev are associated with a passage of a frontal system

from west to northeast. A depression along the Red Sea leads to the mobilisatiop and tran-

sport of dust from the south and the east (Katsenelson,1970; Ganor & Yaalon,1979). A dusty
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atmosphere is often accompanied by a cold weather - a result of intrusion of cold air from the
mid-latitudes to tropical areas across the Mediterranean basin (Kalu,1979).

.\ ,C -. f ?

.4

If q

C'' JOS

21367 
_J

12 00 GMT"
.  

-- /"'

Figure B.3.1 Aereal extent of the march 21, 1979, dust storm,
as traced from satellite photos, superimposed
over the synoptic map (Yaalon &Ganor,1979).

Dubief (1979) enumerates the cyclones with which Saharan dust storms are associated, ac-
cording to their origin:

I. Cyclones from the Mediterranean basin, along the northern coast of Africa.
2. Atlantic cyclones, associated with the polar front, that enter the Sahara through Moro-

CO.
3. Subsidiary cyclones from southern Moroco which move through Libya and the eastern

Mediterranean.
4. Tropical cyclones, moving along the Inter-Tropical Front in the Sudan region. Turbulent

winds, which raise dust to high altitudcs are related to the steep rise of the temperature, and
are associated with the warm sector of the cyclones. Such winds in the sodthern Sahara
develop also in the cold sectors; the turbulence here is enhanced by the orography, as is the case
of the Tibesti Mountains. The hot winds intensify from the morning into the afternoon; the
turbulence is of a thermal origin.

B.4 MOBILIZATION AND TRANSPORT OF DUST AND SOME WIND
CHARACTERISTICS

Mobillsatlon of Dust by Wind

The detachment of dust from a surface is determined by three sets of factors:

I



1. The conditions at the surface - soil factors: roughness, texture and cohesion. Particle

size and the content of fine dust, salts and water are controlling factors (Gillette,1981).
2.The topography and microtopography, such as relief, slope, aspect and vegetation, are fac-

tors which intimately interact with the wind and affects its aerodynamic characteristics at and

near the ground.

3. The aerodynamic characteristics, such as wind speed and duration~tractive force or drag

velocity, thermal features (effecting vertical flow components) and turbulence. Moisture in the

air should also be considered, since it affects water absorption and settling of dust.

The relationships between these factors control the mobilisation of dust. For example,

high critical velocities are required to mobilise partic:les larger than 0.2mm, due to their
weight, but also for particles smaller than 0.06mm, because of their greater degree of cohe-

sion (figs. B.4.1-2; Chepil, 1951; Gillette, 1981). It should also be noted that high wind veloci-

ties lead to mobilisation of unsorted materials whereas winds of relatively low velocity mobil-

ise and transport a better sorted dust.

Generally, the greater the intensity or velocity of the wind, the larger is its power and

force to mobilise and transport particulate material - sand and dust. Soil factors, such as

surficial roughn,-ss, partiale size and cohesion pose resistance to wind deflation and have to be

considered in every case (Gillette, 1981). Wind velocities greater than 6 m/sec are usually re-

quired for the development of dust storms (Jackson et al., 1973; Piwk, 1981). However, surface

conditions may render this threshold most variable (Shikula, 1981), Dust storms in the Negev

are usually associated with wind velocities of 6-10 m/sec (Kateenelson, 1970). Only 12% of

the winds measured in this region have velocities of more than 6 m/sec and barely 1% -

velocities exceeding 10 m/sec (Yaalon and Ginsbourg, 196C).

Transport of Dust

Tracing the movement atmospheric dust is performed by employing various methods:

space and aerial imagery, interpretation of synoptic maps, redioaetive, isotopic and biogenic

tracers, chemical and mineral components. It is still very difficult to calculate the amounts or

transported dust even for dust storms whose courses are well recorded (see chapter B.8).
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Figure B.4.1 Sedimentation velocity and size of particles (Gillette, 1981; partly after Bagnold,

1941).
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Dust storms In Israel are related to two main wind directions, according to particular
synoptic conditions.

1. Dust storms associated with winds blowing from the west, southwest and northwest,
accompanying cold fronts of cyclones moving from the west. Such a situation is frequent dur-

ing the winter. The winds are *ntense and the dust is raised and transported on both local and
regional scale (Katsenelson, 1970). An expression of the predominance of winds from the wes-
terly sector is found in the direction of seif dunes in the Sinai and the Negev (Rosenan, 1953).

2. Dust from the Arabian Desert, carried by winds blowing from the southeast, east and
northeast. Such a situation is frequent during the spring, the autumn and the winter; it is
associated with the existence of a low pressure trough along the Red Sea, with an extension
into the Gulf of Elat and the Negev, or a depression over North Africa, leading to pronounced
easterly winds from the Arabian Desert into the Levant.

The rates of dust mobilisation and transport varies greatly. For example, there was
a distinct difference between the dust input of the Sahara during the period 1958-63 and that of

1969-71; the former was a wet period whereas the latter a drought one (Morales, 1979) In
terms of continuity, there is a special difference: there is a continous transport of fine dust
from the Sahara westward; the transport to the northeast is rather intermitent (Morales, 1979;
SchUts et al, 1981).

Several phases may illustrate the mobilisatlon - transport processe (Kalu, 1979; fig.
B.4.3):

1. The mobilisation phase is usually related to a condition of atmospheric instability (see
chapter B.3). This initial phase is associated with vertical drafts in the source area; it may be
termed the instantaneous phase.

2. The transport phase begins mainly as the vertical turbulance brings the dust to layers
of fast wind motion - the spreading phase. Only fine dust teaches this level; coarser particles
have settled in the previous phase.

3. An equilibrium phase is the most stable. The transport is under the influence of the

prevailing winds. It occurs at distances of tens to hundreds of km downwind.
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B.6 DUST STORMS-- FREQUENCY AND DURATION

The frequency of dust storms varies from one region to another. The number of dust
storms in Egypt and southern Israel is aimijlar - 10 storms/yr, on the average (Yaalon k
Ginsbourg, 1968; Yaalon & Canor, 1970). VWst Africa experiences an average of 20 dust
storms/yr and some regions in China - 30 dust storms/yr. Mexico City has some 60 dust

storrms/yr, on the average (Ptwk, 1981).

Dust storms usually continue from 1 hour to several days. Many local stormt. which

dcvelop during a particular day are sustained by local convectional winds for 1-3 days. The

&er oAs may remain in the atmosphere for 5-30 days (Jackson et al., 1973).

There is a marked seasonality in the frequency of dust storms. In the Beer Sheva area

(northern Negev) there is a high frequency of dust storms during the spring (March-April), a

medium to low frequency during the winter (December-Janury) and practically no storms

during the height of summer (July-August; Katsenelson, 1970).

The number of "dusty" days may change drastically along a transect from the desert into
the more humid region. Figure B.S.1 illustrates this point: 40-150 "dusty'days in the Negev and

the Sinai and i. s than 10 such days in northern Israel.
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FIgure B.5.1 The frequency of days of dust storms from the Sinai and the Negev to northern Isra-

el. Annual average - 1907/68 - 1970/71 (modified from Ganor & Yaalon, 1979).
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B.6 THE DISTRIBUTION OF DUST WITH ALTITUDE AND
DISTANCE FROM THE SOURCE AREA

The distribution of dust in the atmosphere is usually very uneven, both spatially and tem-
porally. It is dependent on factors such as synoptic conditions, elevation above the ground, dis-
tance from the source area. For example, dust storms that develop in the eastern Mediterrane-
an region during the passage of a cold front have a rather high concenration of dust, which
decreases rapidly after the passage of the front (Ganor & Mamane, 1981).

Several typical situations of dust distribution wete characterised by Ganor & Yaalon
(1979):

1. Dust is carried in an unstable atmosphere. A good dispersion of dust to heights of
-4000m. As the atmosphere stabilises and the turbulence subsides, dust settles in a dry state.

2. Dust is carries in an unstable atmosphere and stays in the air for several days. The
portion that does not settle is well dispersed in the air to heights of several 103m and is carried
from the Sahara to the northeast with unstable air masses.

3. Dust is carried in an unstable atmosphere. In the south - dust storms; in the north -
piecipitation. Dust is dispersed in the air to heights of 2000m and is washed down by rain in
the later region.

4. Stable air at high elevation limits the upward dispersion of dust to the top of the cloud
layer. Dust is wrshed down by precipitation.

Dust may be barred from upward dispersion by a stable layer at a certain elevation above
the ground. Most of the dust is highly concentrated in low layers of the atmosphere. Such a
condition is frequently observed in Israel. The dust concentration is usually 2000-4000pum/m 3

near the ground and <500pg/m 3 at elevation of 1,500m. At higher elevations, above the mixing
zone, the concentration is very low -. 10pg/m 3 (Ganor & Mamane, 1981).

Examination of the concentration of dust with both elevation above the ground and the dis-
tance from the western Saharan source area yields the following general scheme (fig. B..1; Schiits rt
al., 1981):

1. Approximately two-thirds of the total mass falls within the first 1,000 km.
2. Hligh concentration of both submicron and larger particles are typical to elevations of 1-4

kin above the ground, close to source area. At distances >300 km from the coast much of the dust is

(it a subinicron size. It ia concentrated mostly at heights of 1-5 km above the Atlantic Ocean and its
vertical distribution remains unchanged for distances of several 103 ki.

3. The general distribution of dust (both submicron ard >0.001 mm in size) is nearly even
throughout inuch of the atmosphere (to altitudes of 5 kin), at distances >1000 km from the west
Salharan source area.

The general pattern, then, is that for long distances (800-1000 kin) there is a high concentration

of dust in the lone of the greater wind velocity (the 900 mh zone; Kalu, 1979). Only at greater
di-itances, after touch of the coarse particleA have settled, there is a rather even concentration of dust
with altitude.
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protected and cohesive. Most of the atmospheric dust is deiived from the arid terrains. On the other

hand, the non-arid environments serve as the best surficial traps for settling dust.

Generally, there is a decrease in the frequency and duration of dust storms from the arid zone

into the subhumid and humid regions (see also chapter B.5). The main reason for this situation Is the
desert being a region of exposed dust whereas in the more humid regions there is hardly a possibility
of a local dust storm. Also, most (and in some cases - all) the dust that origi,.ates in the deserts

settles near the source area or along the desert fringe. Rather low amounts of dust reach the humid
regions, but as stated above - the dust is trapped there for long periods of time.

FIgure B.7.1 illustrates the variation in the amount& of duatfall in the Sinai and Israel (Ganor,

1975). Dustfall in the Sinai and the Negev is 2-3 times greater than in northern Israel. Particle size
also decreases from soR,'h (aesert) to north (subhumid) in this region. The content of fine silt and

clay in the atnozpheric dust increases from south to north: In Beer Sheva (-200 mm/yr of mean

annual precipitation) there is 10-30% clay in the settling dust, whereas in Jerusalem and Haifa
(500-60Omm/yr) there is a clay content of 30-509 and 45-70%, respectively (Yaalon & Ginsbourg,

1966). Figure B.7.2 illustrates these finds. This trend is found also in the soils of the respective re-

gions.

The effects of climatle chsang on the amounts of atmospheric dust are considered to be
profound. During the glacial periods of the Pleistocene there was a large supply of dust from glacial
regions and a high rate of oess deposition around the glaciated areas. This atmospheric dust, rein-

forced by occasional emission of vclcanic ash, may have led to further cooling of the atmosphere,

air subsidence in the subtropics and aridisation in this later region (Bryson & Baerreis, 1967;
Jackson et al., 1973). Isdo (1981), however, emphasises the possibility of heating of the atmosphere due

to the "thermal blanketing" by airborne dust. The production of dust from glacial, volcanic and

desert sources may have been up to 102 times greater during extended periods of the Quaternary
than at present (Jackson et al., 1973).

Some of the sequences of butied loessial paleosols in areas like the northern Negev (Bruins,

1978) may reflect changes in the rates of incoming and settling dust rather than "locas" climatic
changes. In such a situation, variation in the characteristics of these paleosols - the content or
secondary carbonate and clay - reflects climatic fluctuations in the major source areas, such as the

Sahara.

Iii
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Figure B.7.2 Grain-size distribution of duil sampiles from lsraci. Curvos are for samples oolleclcd in
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B.8 AMOUNTS AND CONCENTRATIONS OFl DUST IN THE ATMOSPHERE

(see also chapter B.6).

The eoncentration or dust in the atmosphere varies greatly with time and rpace. In arid

regions one may find very high concentration - from 23,OO01pg/m 3 in a dust storm in the Negev

(Ganor & Yaalon, 1979) to extreme concentrations or 178,000~M3 elsewhere (Orgill and Selsmel,
1978). Concentrations over the oceans are much lower - from a friction of a ur/nil over a quiet .

ocean to 1OOjg/M 3 Over a stormy one (Ptrwk, 1981). The average figures are usually rather low even

for areas where the terrains are dust-rich and the availability of dust is high: 1. 1O-14Opg/M 3 in the

Great Plains (Prospero, 1982), 2. lOO-300pg/MS in Beer Sheva, Or J30_5O~g/M3 in Elat (Ganor,

1975). :5101g/m 3 is frequently measured during bright days and 1000SMi 3 - during hasy days.

Figure B.S.1 illustrates the average dust concentrations on a broad regional scale.
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Figure B.8.1 Survey of the conccntration
rang.. O minenral dust in the troposphere
based on numerous studies by among
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(hc.scjlt. Iuce, Ferguson, Hoffman,
(Cilleti, Goldberg, Griffin, Jacnicke.
I'rospcro, Rihn, Sc.huhz. W~icitr. Zolher

(Junge, 1979).

The quantItles of dust contributed annually to tb- atmosphere is estimated to be about
50010 8 tons/yr. Between 1/2 and 2/3 of this amount is raised from the Sahara Desert - about

200.106 tons/yr from the western Sahara (Schiits et al., 1981) and some 70-100 tons/yr from the

eastern Sahara (Canor & Mamane, 1981; fig. B.2.2). It is possible that 150-200100 tons/yr of net
weight leave the Sahara; most of it is carried westward and appreciable amounts are transported to

the northeast and the north. Most of the dust which leaves the Sahara is deposited in the flrst 103

km (Schuts et al., 1981, most of the sediments in the eastern Atlantic Ocean off the Saharan coast

and the soils northeast of the Sahara are derived from this dust fallout. A single dust storm may

bring to the eastern Mediterranean basin more than 108 tons of dust. Frequent dust storms in the

Negev may deposit 2-10g/ m2 per storm; 50-lOg/m 2 of dust may be added to the ground during a

major storm. Most of the dust in this region settles in the winter-spring - Fbruary-May. (see

chapter E.2 for additional data).

B.9 PARTICLE SIZE DISTRIBUTION

The particle size distribution of atmospheric dus is determined by four major factors: The size

distribution of the material available on the ground for the mobilization and transport by the
winds; the characteristics of tlhe mobilising and carrying wind - its tractive force, velocity profile,

direction and turbulance; the distance from the source area; the climatic regime along the course of

the dust motion - temperature, air humidity, precipitation of various kinds.
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Sorting and differentiation of eolian sediments and airborne mineral pftrtic!ea are active along

the entire route. FMgures B.9.1 and B.9.2 demoetrate the decrease in particale silo of wind blown
materials from the Saharan &our--e area to the Atlantic Ocean: sand fIkds (ergs)-, sandstorms car-

ring sand and milt; loam and silt-loam transported as lotss; silt and clay carried as atmosphseric
dust to great distances. P~gures B.7.2 and B.9.3 shows further differentiation an the dust moves from

an arid sone into a subjsumid one.

Rod-us Umn)

Sond

- Loess

V folion
Aerogedust

3 d______ ______

I PortCie rodtus ( jml,

Figure B.9.2 Sand fractionation processes by wind,
1CP 10 l~i si~hcmatic. The original sand distribution is frac-

ftt-ce Rous Iionated into major fraction 2, 3, and 4 as a func-
P~t~~e R~1us~m)tion of distance from the source. Curvers 5, 6, and 7

Flgure 8.9.1 Comparison of different idealized mass depic~t the change in concentration due to both wet
distributions based on the following sources: and dry removal from the atmosphere. The sum of
(1) Schtutz. And Jacnickc ( 1974), sand, from the curvc 2,, 3, And 4 should be equal to the original

Libyan dcscrt, Erg Ubari curve 1
(2) Same source and location as (I ) but aerosol (Junge, 1979).

during sand storm
(3) 1uclitbauer and Mduller (21970), average of 8 lousi

distributions from various continents

(41, Jaenicke and Schlutz ( 1977), average mass distribu-
tion over the Cape Verde Isla.nds

(Junge, 1279).
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I AV' !h NFRAL COMPOSITION AND MICROMORPHOLOGY

Thc niucrologicat composition of atmospheric dust is determined by various factors, such as
tt, ithoigy in the source areas, the differential uase and density of the available particles and the
6-. .- c' ii :6i ',f the atmospheric circulation and winds. Most of the desert dust in the ntmosphere
i: o.i-,,- from weathered surficial deposits and aridic soils. Much of the dust has been recycled
iw ny t" lss so that its relationship to a particular source is somewhat obscured.

,.-!phasised in chapter B.9, much of the dust in deserts is silt with lesser amounts of clay. In
-e -A; -in Mediterranean mgion, where most of the dust is derived from the Sahara, the silt is

predominantly of calcite (35-45%), quarts (30-40%), dolomite (10-20%) and feldspar
Soluble minerals, such as slts and gypsum compose less than 1%. The clays are predom-

i ,ro -.tmorillonite (30-40%), with secondary kaolinite (15-30%) and illite (15-30%). Fgures
B 10.1. aid B.i0.2 present the composition of dust samples collected in Israel (Ganor & Mamane,

.' 1, . averag content of the dust in !srael is: calcite and dolomite - 45%, quarts - 30%,
f. i I. p-- nd other silicate miuerals - 7%, halite and gypsum - <1%, montmorillonite - <6%,

11;-:k- -- 3-6%, illite - 3-4%

T"h abve composition reflects the predominant contribution or dust from Cretateous and Terti-

ar, .-. at. rocks and sandstones of Paleosoic and early Cretaceous ages, as well as the surficial

,, .t derid from them - all in the northern Sahara and the deserts of the Middle East. The
cont ribation from outcrops of igneous rocks is rather limited.

1j. Itie western Sahara one finds a slightly different composition: quarts is a major mineral in
-I.- si't f:action and illite - in the clay fraction. In southwestern United States there is usually a
Pr -"'I] lance of silicate minerals in the desert dust - quarts, feldspar, heavy minerals and clays

.n; ributed by the vast exposures of igneous and metamorphic silicate rocks and their weather-
i : pmrl'icts. The contribution of primary carbonate minerals is usually insignificant.

Tl micromorphology of the particles composing the silt fraction in the atmospheric dust
il !;i, . '..sv is as follows (Ganor, 1975):

1. Ine silt (<0.020 mm) shows good sphericity and romndness.
2. Larger silt particles are angular and less spherical.

3. (lay particles adhere to larger particies to form aggregates.
4. iarticles of quarts and feldspar are usually weathered and broken. The latter are also pitted.

C(Jrit, particles are made of whole crystals, broken crystals and foraminifera (usually well round-
ed). A lomite crystals are well preserved. Dark and heavy minerals are usually weathered, subangii-
;°r -o aigular in form.
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PART C THE NON-GRAVELLY MATERIALS IN DESERT SOILS
AND DEPOSITS - SAND, SILT AND CLAY

C.a TEXTURE - PARTICLE SIZE COMPOSITION AND DISTRIBUTION OF
SAND AND DUST

Introduction

Particle size distribution of non-gravelly materials in the debris mantle and soils in
deserts is determined by several main factors:

1. The influence of rock type on size distribution of the weathered mantle at a given sit,.
Most rock types are hard and indurated and do not contribute to the sand and dust fractions in
large amounts at the site of weathering. Thus one does not find a large content of fine particlus
derived fmom native limestone, dolomite, flint, granite, diorite and other types of indurated
brittle rocks at a given site of weathering. On the other hand, large quantities of fine grained
debris may be found on chalks, shales, mudstones and sandstones. Such debris may be tran-
sported by running water and wind to various sites of accumulation.

2. Particit size distributior of settling atmospheric dust. Such dust is of varying particrl
size, according .o synoptic conditions, wind characteristics and sources of dust (bee Part II). 11
some cases, the contribution from sandy sources renders the average dust texture rather coorp'.
grained.

3. Selective trapping of dust fractions, after the dust brought to a site by wlid or rujil',
water settles on the ground (see chapter E.2).

4. Differential mobility and translocation of tdust fractions according to dust trap charac-
teristics, hydrologic regime and water or soil salinity. Such differential mobility and accurnu.
Ic ion are typical of slow dust accumulation, where the trapped dust and accompanying salth
themselves gradually change the characteristics of the soil as a dust trap (see chapter E.2).

5. C!imate, which determines to a high degree the course and rate of weehrring of larg0"
particles to small ones, or the translocation of fine dust from surficial soil horizons Into lower
ones. Hence, under less arid cl*iates or an environments] regime where coarser soil particles
weather down to fine silts and claysone should expect fine grained dust in areas further sway
from sources of sand, where eolian dust is dominant.

Dust Trapped Ir, Archaeological Sitea

Archaeological sites may serve as good long-term dust collectors. In the Negev ther@ at,,
many hundreds of archaeological structures of different, gc which vary in shie aind proportion.
Many of these structures were originally without roofs or their roofs had collapsed rather , at-
ly after their abandonment. Most of the structures were filled with trapped dust during the.
first 1-2 millennia after their abandonment (see chapter E.2).

Four archaeological sites were sampled for particle site distribution: Tel Arad li, the
northwestern Negev, Be't Rersissim in the western Negi-, the Sha'ar Ilanirn Fort In the centrsl
Negev arid a building in Iliqat Uvda in the southern Ncgrv. The finest grained dust wss fouId
in Tel Arad, the site f,. thest from sources of sand and under the leasts arid cliatei Partlee
size composition is silt(60%) ; sand(21%) > clay(19"f), The average for all sansples Is
silt(40%) > sand(30%) . clay(15%). The finer fractios (!ilt 4 (lay) are rather simIlar to thoseF
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:...t~ing atmospheric dust (Canor, 1975) in which coarse silt (0.016-0.083mm) coml'rises
" of the silt + clay fractions. Fine sand (0.063-0.250mm) is dominant within the sand

r ,.,, (68% on the average) and may reach 90%, as in the Uvda Valley or be as low as 50%, as

Sh'ar Ramon Fort.

;Ijl SoLas And Loesslal Serosems

.tftre , essial sois and loessial serosems art derived primarilly from eolian and reworked
:u al loess, they are composed mostly (60-95%) of silt and clay, but particle size is different in

1 1' i soils. Well developed loess soils are composed of silty-clay and silty-clay-loam.
*,,! ire formed in sites situated away from sources of eolian sand, under semi-arid to

!y arid climates. Young, less developed loess soils uncer the same environmental con-
; .ksually silt-loam in nature (fig. C..IA). The loessial Serozern soils are sometimes

,id silty-clay-loam, as in the central Negev. Coarse silt is dominant in the silt frac-
ar.d, 'lay content is significnt in areas where bare rock is exposed above pockets of loessial

,4-r.,zan, oils (Arzi, 1981). Usually, loessial soils turn into less clayey, more coarse grained
c,s! ,n( ,r two sets of environmental conditions: (a) the close proximity of sources of sand, as

in r; n Negev, arid (b) prevalence of arid conditions, as in the central Negev.

The domi iant fractior5 in the loessial soils are fine sand, coarse silt and fine clay (fig.
('.LIB). Fine rilt and fine clay are prominent in the B horizon of the loessial soils. In recent
loes:. soi! , such as in the upper member of the Netivot section of Paleosols (Bruins, 1976) one

an averagt composition of silt (62%) :X clay (28%) > sand (10%). The quantities or
.:onrse silt and fine silt + clay in the dust fraction of soils are similar to those in settling
-tmospheric dust (Ganor, 1975). Older, buried paleosols are often more clayey in nature with

y(40 80% < -> silt (40-50%) > sand (2-12%).The textural composition appears to have
rhaniged according to climatic cyclicity during the upper Quarternary (Bruins, 1976).

"i'akyr -a d Solonchak Soils

Playas -- developed in the centrer of closed basins in arid environments - are character-
e-zd by two types of soils: (a) Takyr - a fine textured soil of slight to moderate salinity; (b)
'bor-hak - a soil of high salinity and diversified texture (typical also to Sabkhas - coastal

a!.! flats). the texture and salinity of the respective soils are associated with the hydrologi-
•0 and sedimentological regimes of the sites in question: sorting and fining of sediment to-
m .tn, the center of playas and the position of the water table; a shallow water table leads to

.ig. salinity. Hence, there is a general zonation in particle size and salinity from the margin
,r playas towared their center (plate 3).

TPIkyr Soils

There is a difference in the textural composition of young Takyr soils and well-developed
(figures C.I.IB; C.1.2d,e,f). The former are silt-loam whereas the latter are mostly silty-

1ay And silty-clay-loam. On the average, A horizons are of the silt (46%) > clay (41%) > sand
'13o) type. B horizons are or the clay (58%) > silt (42%) X- sand (21%) type, and C horisons

re of the si!t (55%) > clay (33%) > sand (16%) type. The sand is usu-ally fine sand. There is
'Iso a textural trend in the silty fractions of the different hori!-ns: the A horizon - fine silt
(27/') > coarse silt (19%); the B horison - fine silt (33%) > coarse silt (9%); the C horizon -
,.oaAre silt (39%) > fine silt (16%). The clay is mostly fine clay; it is mostly prominent in B
horizon (46% fine clay; 12% coarse clay).
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There are some textural differences between Takyr soils in plays center and those located

at plays margins; the material becomes finer as one approaches the center of the plays (fig.
C.1.3A).

Takyr soils, then, are fairly similar in particle site to loessial soils, both in texture and in

horisonation. This is understandable since the parent material is dust and the fine fractions

are concentrated in the center of a plays; this leads to a continuous accumulation of silts and

clays in a temporarily wet environment. Examination of fig. C.l.1B shows the similarity of

Takyr soils (2,3) to settling atmospheric dust (1). Well developed Takyr soils are of a clay-loam

texture - characteristic of average atmospheric dust in deserts.

Solonchak Soils

Solonchak soils are very saline. V4 deal here only with both non-gravelly and non-saline

particulate materials in these soils.

The texture of Solonchak soils is highly dependent on their location within a plays or a
sabkha, and on the differentiation of the incoming fluvistile load across the playa sones. For

example, most of the Soloichak soils in the southern Arava Valley and along the Gulf of Elat

are composed of sands, loamy-sands and sandy-loame. Sand is a substantial component of
these soils which are composed of 30-70% sand, 10-20% silt and 1-10% clay (figures C.1.313;

C.l.2g-i). However, at the center of many plays one finds soils of finer texture; for example

silty and sandy clays at the center of the Yotvata Playa in the southern Arava Valley (Amiel

and Friedman, 1971) or silty-clay-loam Solonchaks of the Sedom Sabkha, south of the Dead Sea
(Dan, 1981). Only the textures of the soils at the center of the playas may be predicted, having
a predominance of silt and clay (as in Takyr soils). silt (50-60%) > clay (20-45%) > sand
(1-24%) in the Sedom Sabkha.

Usually the upper horizons are of coarser texture than the lower ones. The profile is more

of an accumulating nature than that of a soil divided into clear genetic horisons.

Recent Alluvium And Colluvlum

Recent alluvium is most diversified with respect to particle simse distribution. It may in-

clude gravel, sand and finer fractions in various proportions (see part D). Only under a few

environmental conditions may we expect clear trends such as exhibited by loessial, sandy (in-

cluding friable sandstone) and shaly terrains, where the particle site of the parent material
highly affects the sise distribution of the resulting debris.

In gravelly alluvial channels which drain terrains built of hard brittle rocks that do not
weather to fine fractions, we End varying amounts of sand and silt with a very small com-

ponent of clay. These fractions usually do not amount to more than 20% of the surficial alluvi-

um and in most cases their content ranges between 1 and 10%.

The non-gravelly fractions In coarse desert alluvium are usually sandy-loam in nature:

sand (80-90%) > silt (10-15%) > clay (1-5%). At the surface (0-10 cm in depth) there is a

higher concentration of fine fractions than at depth. An example is the alluvial channel of A

Wadi Mandara (eastern Sinai). At 0-10cm depth the sediment consists of 87% sand, 11% silt

and 2% clay. At 10-60 cm depth there is 96% sand, 4% silt and only traces of clay.
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Often there are patches of higher silt concentration at the surface. In Makhtesh Ramon

(central Negev) we have observed a 0.1 cm thick crust having 76% sand, 22% slit and 2% clay.

deeper - 0.1-37.5 cm - the non-gravelly alluvium is composed of 95% sand, 5% silt and only

traces of clay.

The difference in grain sise between the surface and depth in the non-gravelly components

is attributed to the effects of additional silt and some clay deposition during the latest stages

of flood flows as well as of flows of low discharge and power, which transport only the finer

fractions. The surficial layer, usually several tens of cm thick, is frequently affected by scour

and fill processes (which occur under relatively high discharge and stream power) and conse-

quently does not contain high amounts of fine fractions. In other cases there is a surficial depo-

sition of fine material during ebbing flows and the uppermost few cm are enriched with silt and

some clay. A very high variability with respect to dust content and particle sise distribution is
characteristic to recent alluvium.

The colluvial mantle is generally of a cumulative nature. It is subjected to some weather-
ing at its lower horisons, as well as accumulating wind blown and washed-in dust. The result-

ing profiles are usually Regosols, Lithosols, Reg soils, Serosem soils, as described elsewhere in

this chaFter.

Reg Soils

Reg soils are silt-loam gravelly soils. They develop on alluvial surfaces usually composed

of medium to coarse gravel. The gravel serves as a trap for settling atmospheric dust and salts

which penetrate into the surficial deposits and turn them into soils with diagnostic horisons.

Usually it is possible to differentiate between young Reg soils (on Holocene alluvial surfaces)

and older Reg soils (on Pleistocene alluvial surfaces) by surficial meso and micro-morphology

as well as textural composition.

Reg Soils On Holoeenc Alluvial Surfaces

Holocene Reg soils, being young, reflect the composition of the alluvial parent material in
most of their horisones. Only the A horison is closer in composition to settling atmospheric

dust, since it is the upper soil horison through which trapped dust is being transferred down-

ward.

Examination of the non-gravelly fractions yields the following average trends (figures
C.1.2n,op; C.1.4; C.1.5A,13):

1. A, horison is silt-loam: Silt (49%) > sand (41%) > clay (10%), reflecting the input of

settling atmoshperic dust.

2. B horizon is loam-silt-loam: silt (46%) > sand (41%) > clay (13%).

3. C horison is usually sandy loam: Sand (62%) :> Silt (34%) > clay (5%). The non-

gravelly fractions of the parent alluvium are highly reflected. '4

4. Most of the non-gravelly fractions are relatively coarse grained, consisting of 70-90%

sand and coarse silt (>0.010 mm). The silt and cley fractions in the A and B horisons are

similar in composition to settling atmospheric dust with -50% coarse silt. The influence of

parent material on the C horison is apparent even in the silt and clay fractions because coarse

silt comprises some 65-70% of the fines. This shows that the penetration of fine silt and clay

has not been very effective.
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5. In the A and B liorisons, there is it higher content of clay than In the C hone Is i, h

soils contain t0-15% in the iorrner and lie than 6% in the latter. Thue only a small arouijit

of clay is added to the parent material In the C horison, which, In most cases, originally coil
taint lees than 2%7 in its non-grav'elly fracto.

ReSt Solis On Pleistocene Alluvial Surfaces

Many Pleistocene lieg soils are generally not significantly different from wall developed
Holocene Reg soils In psrticle msse distribution of the noni-gravelly traction, Only very old
soils or those developed in non-sandy environments differ in this respect. Two major points ars
worthy of emphasis:

1. The soil prnfile, as well as Its discrete horisons, Is thicket (fig. C,1.7).
2. There :. requently a Bi horison which is relatIvely gravel free (it's par t D~)

Several gineralisations regarding the average particle else distribion of the non-grAvolly
fractoni way be presented (figuires C.1.2j,it,l):

1. The A horson is also fine in texture. Sand (40%) > slilt (35 -40%) 3- clay (16%).
2. The T1 horiton Is still finer In texture; silt (40%-50%) > Sand (30%) > clay (20%) It

clearly reflects the Ornes added to the alluvial parent material by penetrAling water.
3. The C h, resort is usually sandy-loam In texture: E'anrd (Hand (87%) > slit (32%) ' ClaY

(10%), reflecting the alluvial parent material,
4. In terrainis wheire there are no adjacent sand bodies that Fway contribute enliat% saiud to 4

giver, site, the averalte texture of the soil a a whule Is Itaun to clay-loafi: Rated (30 10%) Ps/,
silt (30-00%) > clay (11 .25%). Vnr example, on a high leisstocene surface In the lastan %'Al.
Icy, the texture is: A *ud Bi horisuors - bilt (60%) . sand (40%) ;P clay (10%)l (; hoilion
sand (73%) >' silt + clay (27%).

5. In areas adjacent to sandy terrains (sand fields, majidstrnc exposures) one$ often on
counters sandy RCeg soils; the average texture Is sand (60 85%) :* silt (5-100) lilcli aulls file
abudant in the sautherr Araya Valley, eastern binai and Makehtsoh itamnion.

8. As In the lioloceiie Rhg soils, the coarser fractions (> 0.016inaw) are dufisinant. 'Ih@ Avgr
age content In the A horlion lis 7B%,In the Bi haon 70% and 32% In the C honigun, The Aln-
fractions (< 0.010inm) comprise only 11-30% of the none-gravvdly mates let,

7. One finds fine fractions similar In composition tv average spilling atmosepheric dust It,
the A horlson where coarse slit Is atiost 50% of the total silt and cley conltent, In the 11 endC
;iorisonh of Pleistocene soils It Is approximately 40%, whereas In Iuloeet Iles soils a 07
Content Is more common.

Sortie Conclusions

The texture of the non-gravelly fractions tif Qmiatrnu~ary INg moll li 116. Nesati tied Hine. 1

generaliy loamiy. Variations front this geennrailsalio mci ieut frviii several culidItlog11s

1. Sand contribution (in near-by eanly terrains auih as flood jilairi, erio'lrill alluutlal lt
racen, sand fields iam.J exposims of sanidstone, TIhe reslulting textur in aI crl rason I@s antly

2. Different iation within the soil jirofiloi due to ties forination (if gegelk moil hurlsonsi felt
example C horison Is usually sandy-loarn with 14'" clay Contenit, relletting Iles teli uret Of thes

alluvial parent inaterial. The A and II hiizons are ctis e hi leture, willh Ils letter being
slightly higher In clay.
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. Age. This factor is significant within a given Quaternary soil chronosequence, but maybe obbcured on a regional scale by conditions (1) and (2) above.

The trends in evolution of Reg soil texture with time are observed in soil chronosequences
on flights of alluvial surfaces. Young Holocene Reg soils (< 2000 years old) do not show clear
horizor.aticn but there is a distinct decrease in the contents of silt and clay with depth even in
very young soils.

Textural differentiation is accentuated with time, as fine fractions accumulate iii the upper

horizomn, at depths of 0-5 cm (less frequently - 0-10 cm) with 25-45% silt and 10-20% clay in
the 'I tor-.)r.. Usua!!y there are two patterns of textural changes with depth (figures C.1.5A,1;

7:10 . ):

1. An increase in the content of silt and clay from the A horison to the B horizon, and
then a decrease into the C horizon;

2. A decrease with depth having no clear peak below the A horizon. Additionally, fine
sand (0.063- 0.250 mm) changes in a manner similar to silt and clay rather than that of coarse
sand.

Pleistocene Reg soils show similar evolutionary trends with time. In areas not affected b"
adjacent sanIdy terrains there are higher amounts of silt and clay in the soil profile and tho
horizon of peaL content (B) is deeper by about 10-25 cm.

The rates of addition of fines to the soil profile are rather high at the initial period of soil
evolution (2000-4000 years) but become lower with time (figures C.1.8,9). Examination of
Holocene soil chronosequence in Nahal Ze'elim (Dead Sea) shows that during the later stages of
soil evolution there may be a very slow change in texture. It takes many thousands of years for
a Reg soil to show a distinct differentiation in texture between discrete soil horizons. Climat''
certainly has a major role in the process. It appears that the relatively better developed soils on
the Pleistocene alluvial surfaces evolved under an arid to moderately arid climate. Many of
these soils are now under an extremely arid climatic regime.

The age determination of most Reg soils in the Negev and the Sinai is still in question,
since datable material is missing. Only a certain seperation of the Holocene from the Pleisto-
cene Reg s,ils is certain (Gerson and Amit, 1981; Gerson, 1981; 1982; Amit, 1982; McFadden,
1982; Pull, in preparation). Age differentiation based on relative indicators is still in progress
(Amit and Cerson, 1985).

The polygenetic nature of most Reg soils on pre-Holocene alluvial surfaces still precludes a
sound time-frame that may be projected from one region to another.

There is a very high variability in the textural nature of Reg soils. Several reasons for thi
situation are:

1. The variable nature of parent material between regions and alluvial surfaces.
2. The variation in amounts and composition of incoming dust, which is related to sources,

atmospheric conditions and climate.
3. Large local variation in parent material affecting hydrologic characteristics and dust

trap efficiency.
4. Surficial morphology, determining roughness, settling of dust, and surficial runoff,

makes the surface highly variable.

All these render many Reg soils of different ages very similar in texture, or conversely
soils of the same age, on the same alluvial surface, highly variable (fig. C.1.8).
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In addition there is no good correlation between the contents of silt and clay in Reg soils.
Several reasons may account for this situation:

1. Differential ratios in the parent material.
2. Varying proportions in the added atmospheric dust.

3. Differential movement of various fractions, a function of the hydrologic conditions
within the soil, and changing environmental regimes"with time and climatic fluctuations (see

chapter E.l).

A general conclusion, then, is that only under a very narrow set of unchanging environ-
mental conditions or under the influence of one dominant factor may the textural composition

of the non-gravelly fractions be predicted. For example, in areas where sand contribution to
both the alluvial parent material and the atmospheric dust is relatively high, we can predict

the resulting soils to be of a sand-loam texture. In most other terrains the soils are highly

variable in texture.

Hammada Soils

Hammada soils are usually silt-loam (sometimes loam) gravelly soils, of the ABR, ACR
or ABCR type, formed on flat or gently sloping hard bedrock surfaces (figures C.I.1B, C.1.2q).
Occasionally they consist of soil pockets underlain and enclosed by bedrock blocks. When well

developed thes. soils may have a gravel-free B horizon underlying a gravelly desert pavement

and a vesicular A horizon (plate 11A).

On the average there is a certain textural differentiation between the various horizons:

The A horizon is silt-loam: Silt (57% )> sand (30%) > clay 13%. The B horizon is usually

loam or silt-loam: silt (50%) > sand (31%) > clay (19%). The C horizon is sandy-loam: sand

(53%) > silt (32%) > clay (15%).

The ratio between coarse silt and fine silt + clay decreases with depth. It is 1:1 in the A
horizon, as in average settling atmospheric dust, 1:1.7 in the B horizon, and 1:2.3 in the C hor-
izon. Some migration downward of the fines fractions is evident.

Within a generally wide textural spectrum of Hammada soils it is possible to distinguish
two gro, ps.

1. Silt-loam or loam Hammada soils, occurring in areas where eolian dust is derived from

distant sources (as in the soils of the central Negev plateaus).
2. Sandy-loam Hammada soils, which are affected by adjacent source areas of sand (such as

the sandstones exposed in Makhtesh Ramon or in the Arava Valley).

Lithosols

Lithosols, are shallow stony soils, of AC,ACR or CR horizons, which usually overlie soft

bedrock, and reflect a mixture of weathered bedrock and introduced dust and salts. Thus, litho-
sols are very diversified in texture. In the Sde Boker (northern Negev) area, where limestone

and chalk are the major bedrock types, one finds a variety of Lithosols (Arsi, 1981; fig. C.1.10).

These include:

1. Lithosols which contain large amounts of eolian dust, developed mostly on hard lime-

stone;
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2. Lithosols with large quantities of weathered chalk, in which much of the non-gravelly

fractions are derived from the underlying friable rocks.
In the northern Negev and the Judean Desert the average texture of the non-gravelly soil

material is usually loam (A horizon) and clay-clay-loam (B and C horizons. Arsi 1981; Dan

and Smith 1981). The average composition is:

A horizon: Sand (42%) > silt (38%) > clay (20%)

B horizon: Clay (43%) > sand (32%) > silt (25%)
C horizon: Clay (40%) > sand (30%) = silt (30%)

The rat io between the coarser fractions (sand and coarse silt) and the fine fractions (fine

silt and clay) is different from the ratios for most aforementioned soils: A horison - 2.3:1; B
and C horilons - -1:1. This is a result of the high combined amounts of clay from both the
chalky bednock and the eolian dust. Additionally, water contributed from rocky exposures to
soil patche!. enhances the weathering process. However, the high precentage of sand in the A
horizon and the relative contribution of clay and silt by the weathered bedrock have yet to be

studied.

Seorsem Soils

Serozem soils are light coloured aridic soils of the ABC or ABBb type having a calcic
and/or gypsic lorizon at shallow depth. Hence, they are very diversified in their texture. Most
of them are loessial and/or stony in nature.

The serozem soils of the Negev are usually fine grained in their non-gravelly fraction
wherever located away from sand contributing terrains. Silt and clay constitute 65-80% and

most of the remainder is fine sand. The lower horizons usually contain more clay (<40%) but
conversely may also contain more sand than the upper horizons. A mixture of materials from
various sources is apparent, with sand from weathered parent rock or colluium and fines from

eolian dust.

Sandaz Eolian And Derived Colluvial And Alluvial Sands

In terrains of active eolian sand transport, such as sand dunes, the amounts of trapped sil,
and clay are very small. For example, there is less than 0.1 % to 0.7% in the coastal dunes ii

northeastern Sinai and 0.7-2.6% in the inland sand dunes further south (Tsoar, 1970). Similai
contents (0.6-1.2%) were observed in the inland sand dunes of the western Negev (fig. C.1.2r).

A different particle size distribution is observed in stabilized sand dunes (fig. C.1.11).
Stabilized sand dunes in the western Negev contain 5-10% silt and clay down to a depth of 40
cm (Tsoar, personal communication). The highest content (10%) is observed at the surface. In

one instance it was observed that the sand in climbing dunes on steep hillslopes contains 7% of

fines. Restricted sand and dust movement in these landforms (climbing dunes) may be a cause

for such a content.

In stream channels and flood plains which cross sand dune fields, one usually finds two types

of non-gravelly deposits (fig. C.1.12):

1. Sand with some silt and clay (10-25%), which is typical of sedimentation in the channel

during floods (fig. C.1.2s).

2. Silt (and clay) with some sand (10-20%) deposited overbank during high flows, and in the

channel during very shallow flows.
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In soils developed on alluvial sands in the northwestern Negev we find an average of 20%
fines in A and B horizons, and only 5% silt and clay in the C horison; (fig. C.1.13; Marish et
a., 1978). This may be attributed to the fact that the C horison is actually a stabilized sand

surface.

Gravelly Regosols On Sieve Deposits

Sieve deposits, having large pores and being highly pervious, serve as very efficient traps for
dust from various sources:

1. Eolian dust settling from the atmosphere;
2. Dust penetrating with inflitrating rainfall;

3. Dust washed-in with running water.
In the southern Arava Valley and eastern Sinai we rsually find the following textural

compositions: Sand (60-80%) -, silt (20-30%) > clay (3-7%).

The large pores in sieve deposits allow a free penetration of available sand. In some areas,

we find a finer non-gravelly matrix, for example the textural range in Mount Amram (south-
ern Negev) is: sand (48-55%) > silt (37-42%) > clay (5-1%). It may well be that the type of
gravelly trap is the reason for this finer texture. In the Mount Amram area the sieve deposits
are composed of fine to very fine and well sorted gravel.

There is usually a general decrease in the content of fines with depth. The upper part of
the section, near the surface, contains 50-60% silt and clay whereas most of the section usual-

ly contains 30-40%. The composition of fines is similar to that of average atmospheric dust;
the ratio of coarse silt to fine silt + clay is -1:1 throughout the section. Differentiation in the

fine fractions along the section does not occur due to the high porosity of the gravel.

Paleosols

Paleosols are soils which have formed in landscapes of the past (Yaalon, 1971). Most of the
Daleosols encountered in deqerts are identified by their buried B and/or C horizons. They are
characterized by their color, texture and added salts, and compared to overlying or underlying
horizons. More difficult is the identification and definition of relict paleosols, which are at the
surface thoughout their evolution. Such is the case of polygenetic Quaternary Reg soils, begin-

ning their evolution sometime in the Pleistocene, developing through varying climate regimes,

and undergoing slow transformation during the extremely dry Holocene period.

In the loessial soils of the western Negev there is a tendancy for Bb (= buried B) horizons
to contain 10-15% more fines than the overlying B or C horisons, and 15-20% more fines than
the active A horizons (fig. C.1.14,15).

Summary And Conclusfons

The non-gravelly materials in desert soils are derived from three sources: weathered parent

material, airborne dust and airborne salts. The composition of the fine earth fractions and
their particle size distribution in the soil is a result .f the behavior of the various forming
agents - weathering, wash and infiltration. The relative importance of these agents changes

with time, since the nature of the soil is also time-dependent.
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The prediction of the general composition and distribution of the fine earth materials re-
quires consideration of the relative importance of mainly five general factors: parent material
and its properties; sources; mode and accumulation rate of allochtonous materials (sand, dust,
salts); climate, as it affects the hydrologic regime at and close to the surface; time, within
which climate may fluctuate and soil properties change. Examples of the significance of the

various factors are: (a) sandy loessial soils in the northwestern Neiev which are proximal to

sand fields; (b) sandy Solonchack soils in playas and sabkhas which collect runoff water and
sediment from watersheds in which sandstone exposures are abundant; (c) dust-rich gravelly

soils in areas with no near by sand sources; (d) a significant increase of soil salinity with soil
age; (e) significantly thicker soil profiles on old landforms wusich have existed under relatively

humid climatic regimes (moderately arid, semi-arid); (f) the types of salts which appear in the
non-gravelly fractions change with climate; for example, CaCO3 occurs in the less arid ter-
rains and gypsum-chlorides in the desert soils (see chapter C.3). Generally, the pred~minance
of long distance airborne dust results in the fine earth being silt-loam, silt and clay loam in

texture.

Several generalizations can be presented with respect to the amounts and nature of dust in
different aridic soils (figures C.1.1, C.1.1O, C.1.17):

1. Loessial soils and Takyr soils are composed mostly of dust-sized fractions. Their com-

position is close to that of settling atmospheric dust (see Part B).

2. jammada soils and Holocene Reg soils are similar to settling atmospheric dust in the
composition of the non-gravelly component of their A, and B horisons. This is so in terrains
where the parent material and location are not associated with sand contributing sources.

3. Generally, Reg soils are most variable in the texture of their non-gravelly fractions.
This is due to the great diversity of parent material and the widespread spatial distribution

with respect to different sources of airborne materials.

4. Generally, deposits with the lowest content of dust are charachteriotic of alluvium in
flood plains of streams draining watersheds in which hard (non-friable) rocks are exposed.
These are typically composed of gravel, sand and very little dust. Young sandy Regosols and
sandy / gravelly Solonchaks are usually also poor in dust content.

5. Gravelly Regosols on sieve deposits and many Hammada soils contain medium amounts

(50-00%) of dust in their fine earth fraction.

Examination of the clay/salt ratios in the various soils yield the following groups (fig.
C.'.t6):

1. Low ratios of 0-0.4 occur in the non-gravelly fraction of coarse desert alluvium, Reg
soils on Holocene alluvial surfaces, and many Iammada soils. The ratios are within the range

charachteristic of settling atmospheric dust (see part B) which is high in silt and low in clay.

C 27



DUST.% OLAV(ol 29N. S CLAY IINI.1 RATIO

11011 TYPE 40 go to so s0 0.3 0.0 1. 0 1.4 1.8

M*Nose P sov~me

gmySOSofloge Seesm ___~

Losepla Soft______-

ArabsooglooI O**

1,040.F gure C.1.15. Dust content, clay content ad clay /silt zatios in various aridic soils - general
0* f...4 frequency of occurence.

*~ Y ~ f STIMATED OUANTNS Of FPO ARTH.%1
SOIL ~ ~ ~ t 3YV11010 30 40 9.0 00 10 0 0.0 100

(smulsIG tormes)

P1l9101606ns ROoils1 ____________

(sllvisil torrOoe)

Pleistocene Roo soils - _______

I"amsda Sl

Soleonckh So#1s

af 5v0Ily Aogesel

Movoft Atiuin

gorff foew.SI

*01 1."44 FIgure C.1.17. Estimated quantities of fins earth (<2 iurn
In ese), percent, in various desert soils.

_~ - L



2. Medium ratios 0.4-0.8 are charachteristic or loessial and mature Reg ard llammada

soils, in which qome clay accumulation ;a evident.

3. High ratios - 0.0 and usually < 1.0 - are typical of some Takyr and Solonchak soils

in areas where relatively high amounts of sdspended clayb are deposited.

Cenerally the correlation between the content of silt and the content of clay in the fine

earth fraction is rather low for most desert soils, doe to the following reasons:

1. The size distribution of settliuig atmospheric dust is heterogeneous through time and

space (Ganor, 1975).

2. There is a filtering process as dust is added to the soil proble. Various dust fractions

move through the soil at different rates and to different depths. Clay films observed in loessial

soils and well developed Reg soils are indicators of clay tfanslocation. Thus, clay/silt ratios of

the original added dust change due to these processes.

Figures C.1.18,19 may demonstrate the above effects. Holocene Reg soils containing dust

that has settled recently and inflitrated through a rather open gravelly texture, reflect the vari-

abilty in clay/silt ratios typical of settling atmospheric dust. The lesser degree of correlation

between clay and silt in older Reg soils reflects the effects of both fluctuating climate through

time and filtering through a developing soil.

Some very broad trends appear in the behavior of the various size fraction in desert soils,

as shown in figure C.1.20:

1. There is a general decrease in the content of L giver fraction as the particle size of its

material becomes smaller, from coarse silt to fine clay. This trend is clear in A and C horizons.

It is lezn so ini B horizons, when comparing fine silt with coarse clay. It may well be that these

trends exist because A and C horizons in desert soils are similar to the source of the dust mL -

terial, whereas IS horizons have undergone more alteration than A and C horizons.

2. The trends, by p.Article sizes, are:

(a) Coarse silt - a relatively large component (up to 55%); there is a decrease in silt con-

tent from the A horizon to B horizsn to C horizon.

(b) Fine silt - a lower content than roarse silt (<40%, but usually less thai 30%); there

is a decrease from the upper (A) to the lower (C) horizons.

(c) Coarse clay - low amounts (<15% but usually less than 10%); there is a low rate of

decrease from the A to B to C horizons.

(d) ine clay - relatively large amounts may occur in the A and 13 horizons (: 50%, but
most soils contain less than 15%); The C horizon usually contains less than 10% fine clay, but

some soils may contain up to 30%.

(e) % coarse silt >% fine silt <>% fine clay > % coarse clay.
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C.2 MINERAL COMPOSITION OF DUST IN DESERT SOILS

Ta a mineralogical composition or soils and surficial deposits may strongly reflh. the ell-
vironn ental conditions and the evolution of the landscape at a given site. Environmental
changes through time may be traced by the relative abundance of different mineral species and
their degree of preservation.

The mineral composition of the dust particles in desert soils is determined by three main
factors:

1. The composition of the introduced airborne dust. This factor is decisive in most arid

terrains since much of the fine fractions are derived from settling atmospheric dust.

2. Parent material at the site in question; the bedrock or the original surficial deposit is
also reflected in the mineralogical composition of many desert soils.

3. The climatic regime - past And present -- is certainly a significant factor. It may
affect, or even determine, dust mineral composition through modes and rates of alteration of
primary and secondary rocks, as well as modes and rates of long distance transport and depo-
sition.

The mineral composition of dust fractions in the desert soils and deposits of the Negev and
Sinai is generally the following:

1. The -ilt fraction is composed mainly of quarts (40-60%), calcite (25-40%), some

feldspars (3-10%) and dolomite (0.5-0%). The ratios between major constituents - quartz
and calcite - change considerably with different soil prcfiles and horisors, with no decisive
trends. Only in calcic horisons in loessial so'ils does the ratio shift toward somewhat higher

amounts of calcite (Bruins, 1976).

2. In tine silt (0.016-0.002mm) there it a much lower quarts content than in coarse silt
(0.063 0.010mm; Goldberg, 1984, personal communication).

3. The clay fraction in most desert soils in the Negev contains primarilly montmorillon-

ite and substa'tial amounts of kaolinite. Illite is a minor constituent and palygorskite ap-
rears in some samples. This is true in the cases of the loessial soils in the northern Negev
(Bruins, 1976) and most of the Reg soils in the Negev and in the Dead sea area (table C.2.2).
This typical composition is determined by the weathering products of the widely exposed
upper Cretaceous Paleocane and Eocene rocks in the Negev (Nathan, 1906) as well as in the
Sinai and North Africa.

The contribution of certain rock types or formations is evident in many Negev soils:

1. The high amounts of calcite are derived from the formations of limestone and chalks
widely exposed in the desert terrains of North Africa, the Sinai, the Negev and the northern
Arabian desert (for example table C.2.1).

2. Various silicate minerals such as quarts, feldspars, plagioclases, heavy minerals, are
abundant in the sand and silt fractions of soils deposited in close proximity to exposures of
igneous and metamorphic rocks. These minerals are especially prominent in terrains down-
stream and downiind from such expusures. However, since much of the dust in most desert
soils is derived from distant sources, one may always find calcite, dolomite, and clays derived
from terrains in which marine sedimentary rocks are widely exposed.
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3. Larpp amounts of kaolinite are released by the disintegration of Faleomsoic and early
Mesosoic (Nulbian) sandstone formations, In which kaolinite clay is found as a binding agent.
The finet fractions of the dust in the derived soils (whether formed from the original detritus
or developed through the accretion of airborne dust) are rich in kaolinite (Singer & Amiel,
1974).

4. Palygorskite is derived from certain shales and chalks of uppermost Oretaceous - lower
Tertiary rock formations (Nathan, 1968; table C.2.1}. This mistral is found in substantial
quantities in soils derived directly from the above mentioned formations. Howev'er, since
palygcrrskite is not a stable mineral in the desert soil environment, it Is not found in significant
quantities in the clay fractions of old desert soils (see table C.2.2).

5. Past climatic regimes are reflected in the mineralogy of certain paleosols. One example
Is the occurrence of pockets of Pliocene(?) - early Pleistocene(?' ) Terra Ross in the Negev
Highlands. This area. is now under ank arid climate (90-120mmi/year of mean precipitation).
Large quantities of kaolinite (sometimes well crystallised) are typical of theme soils, developed
under a subhumid (humid?) or a Mediterranean climate on limestone formations. Another ex-
ample is the large component of kaolinlte in red and calcic paleosols preserved in extremely
arid environments In the western Negev (see table C.2.2). Semi-arid to subbumid climates are
probably the regimes under which these soils have initially developed.

In summary, the most abundant minerals in the dust of desert terrains in the Negev and
Sinai are: quarts, calcite, feldspars, dolomite and montmorillonite. Other minerals appear in
rather low quantities, except in special cases related to particular souorce rocks or past climatic
regimes.

Table C.2.1: The percentage of the different clay constituents in the clay
fraction in the rock formations of late Cretaceous - middle Eocene in the central

Negev (from Nathan, 1968).

Calcium Cla> milneral &j pecentage of the total clay minrail content of tock Numbcr

Formailti Rock Typet Carbonmate.-- ______ of
S Montmofillonlie lXaoliaie l1111C Pal)8U!ikjlle Sepiolite sampyler

MM Chalk, llmnerionaI
.11hchart so- 100 "ODr - { - 90_____ 16___

Mail

7s~a chalk r'icicaation 4 s- 60 60- 90 1) - -- 30 0 -10 U3

Marl 30- 70 30 j 9 0-h -10 - 8

Chalk 10 -7O H 0-100 0--20 It - -8

Oiareb Marl 30 -70 600-70 20 - 0 0 - 0 -5

Bituiwnous
ma n 40 -- 0 600- lo 0- 35 0-b -

Mrah Main phosphatEek, 100 - -iI i4~
Pmlsntanchr95 -1J00 0-6 It. -- 14
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Table C.2.2t Mineral Composition of Clays In some Desert Soils

Soil Type & Landform Region; Location Soll Iforison Depth, cm Kaolinite Mont morillonite hllite

[eg Soil, lolocene; Dead Sea - Nahal Ze'elim AC
Alluvial Terrace BC

iteg:-oil, Pleistocene; Eastern Sinai - Wadi IJ1* 6-20 *.. n.d.
Alluvial Surface Mukeibila

Iteg Soil, Pleistocene; Eastern Sinai - Wadi Sa'ada B, 8-30 too .. 0 **
Alluvial Surface CI 60-70 **.4

Rleg Soil, Pleistocene; Southern Negev - Nahal Paran A. 0-3
Alluvial Surface IIC I  3-13

C2  13-42 *** C

Reg Soil; Northern Negev - Zin Valley DC 15-40 *Tertiary Surface 
Btwo 40-150 ****

lIeg Soil, Pleistocene; Eastern Sinai - Dir Sa'al BI 10-25 too ***
Talus Slope

Reg Soil, Pleistocene; Eastern Sinai - Siket Niqbein B, 10-15 ** ' *
Talus Slope

Hfammada %oil Central Negev - Mount Saggi C2. 30-40

Takyr Soil; Southern Negev - Qa En Naqb Al 0-10 n.d. n.d.Playa 
CI" 20-50 n.d. n.d.
C2  50-110 to** n.d. n.d.

Solonchak Soil; Eastern Sinai - Bir Sweir C,,A, 2-30 n.d.Sabkha 
C2. 30-55 n.d.

Calcic Paleosol; l'kstern Negev - Nahal Kadesh Bb ,,.
Alluvial Terrace Barne'a

Fosil Terra Rossa Central Negev - Mount Horsha B, ****

Legend
very abundant

abundant
moderate

minor
• traces

n.d. no data
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CA SALTS - COMPOSITION AND DISTRIBUTION

Introduction

Salts in most desert terrains are intrusive materials. They are derived from airborne
sources (Ericksson, 1958; Yaalon, 1963; Yaalon and Ganor, 1968; Yaalon and Lomas, 1970).
Chlorides and gypsum are frequently encountered in aridic soils in the Middle East
whereas CaCO3 is typical to desert soils in some other areas (e.g. in the southwestern Unit.
ed States). In some cases dissolved carbonates from parent materials are later precipitated
within the soil proille. This may have occurred in loessial soils of the northwestern Negev.

The introduction of salts into the soil is accomplished with the penetration of rainwa-
ter carrying solutes and dust. The distribution of salts in the developing soils is related to
multiple rainfall events having different magnitudes and frequencies and a highly variable
salt content. Several factors affect salt composition and distribution in the soil:

1. Site characteristics, such as topographic slope, catchment relations to adjacent sites,
and surficial roughness.

2. Parent material and soil characteristics, such as texture, structure, porosity, and
permeability.

3. The sources of salts: marine, continental, playas, bedrock exposures, and in-situ
parent material.

4. Rainfall and dustfall characteristics: composition, amounts, durations, intensities,
intervals between salt-introducing events.

5. Rates of evolution of terrain/soil properties and the interactions and feedbacks
between these properties. These rates are not constant even under unchanging climatic
conditions. The rates vary with different soil properties. (Birkeland, 1974).

6. Differential solubility and salt movement in an evaporating and precipitating en-
vironment.

Thus, the composition and distribution of salts in desert soils is complex, and depends
upon different varying factors. Many sites of salt accumulation have undergone climatic
chariges throughout the Quarternary. Even young soils have developed during different

climatic regimes of the Holocene period (Horowits, 1979; Goldbe:g, 1981; Gerson, 1982).

Salts and gypsum are precipitated close to the surface, especially in terrains under a
moderately arid to extremely arid climate, where the mean annual precipitation is lower
than 250 msa. In Israel, on the flat lying to gently sloping terrains, 280mm/yr isohyet ap-
pears to be a generalised dividing line between the saline desert soils and the more calcic
soils of the semi-arid environment (Dan & Yaalon, 1982). Generally, it appears that the
degree of salinity increases with climatic aridity. Under the more arid climates the thick-
ness of the saline soi! profile definitely decreases. The most gypsiferous and saline soils are
the Solonchaks in playas, or sabkhas along the coast, and Beg soils of the desert gravelly

plains (Dan et a)., 1982). Salts and gypsum accumulate uninterruptedly in soils on gently
sloping or flat geomorphic surfaces. Sloping, better drained or eroding terrains, are less
saline. A typical location for the accumulation of salts and gypsum is the colluvial man-
tie at the base of relatively well drained rocky hillslopes (Arei, 1981; Wieder et al., 1985).

CL3



The following descriptions and discussions deal with salts and gypsum content and
distribution in the non-gravelly (sand-silt-clay) fractions of desert soils. It should be born
in mind that the percentage of salts is approximate, whereas the electrical conductivity

(EC) measures are rather accurate.

Loesslal Soils And Loesolal Seroseme

The salinity of loessial soils was examined in two environments: the northwestern

Negev, currently under a moderately arid or semi-arid climate and the central Negev,

which is under an arid climate.

A. The northwestern Negev and the Jordan Valley (figures C.3.1; C.3.22A):
1. Salinity of loessial soils is low (<3.6 mmho/cm; ususally 0.5-1.0 mmho/cm).

2. The salts are concentrated in the soil horisons usually deeper than 80 cm below sur-

face.

3. Sometimes the A horison is somewhat more saline than the B horizon.

B. The central Negev maintains a different pattern, which I. typical of loessial

Serosems (figures C.3.2,C.3.22A):

1. Higher salinity( _40mmho/cm).

2. Salts are concentrated in the lower B and upper C horisons, usually between 20 and

80 cm below the surfice.

3. There are lower salt concentrations in the A, upper B and lower C horisons.

Generally, the loessial Serosems art about ten times more saline than the loessial soils

of the northwestern Negev and the peak in the salinity in the former is found at shallower

depth (20-80 cm) than that in the latter (50-100 cm).

Takyr Soils

The salt and gypsum accumulation is generally similar (figures C.3.3, C.3.22G). They

both increase with depth until an approximate constant amount is reached (2.0-3.5% of

salts and 0-10%. of gypsum). This was observed in the clayey Takyr soils of Qa En-Naqb

(A closed basin, west of Elat, which is inundated occasionally, once in 1-3 years).

Takyr soils may develop in basins which are not completely closed but have impeded

drainage. Such a case exists in the Shaharut Valley in the southern Negev, where the soilr

are less saline and gyppiferous, with 0.1-0.2% salts and gypsum (fig. C.3.3).

Generally, the Takyr soils are more leached than the Solonchak soils since there is no

permanent water table close to the surface and thus water movement is not entirely res-

tricted. Rates of silt and clay deposition are far higher than that of salts and gypsum

precipitation. As in other aridic soils of the extreme desert (such as Reg Soils) the gypsum

content is higher than salt content, with ratios around 3:1.

Solonehak Soils

The distribution and content of salts and gypsum in Solonchak soils are highly diver-

sified. However, several general trends are worthy of emphasis (figures C.3.4, C.3-22D):

1. Salts and gypsum increase with depth, as is the case with Sabkha soils in eastern

Sinai.

IC 3i • C,.
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2. There is an incereave in salts and gypsum to a peak content at depths of 5-20 cm in

depth, and then a decrease (sometimes to be followed by an Increase to a second peak deeper

down). Such is the case with the play& soils in the Arava Valley (Ea Avrona in the south-

ern Arava valley and En Tamar In the northern Arava Valley).

S. Salt content close to the surface is higher In inner plays sones than in outer play&

sones.

4. Salt content is usually higher with depth in coastal Sabkhas than in inland playas.

5. Trends of gypsum accumulation do not characterise the environment as well as

those of salts.

6. Gypsum content is usually higher than that of salts; the ratio ranges between 1:1 to

4:1. This is lower than that found in Reg soils, due to impeded removal of the more soluble

salts from the soil profile and precipitation from shallow ground/sea water.

Reg Soils

Reg soils are gravelly desert soils in which the various salts (chlorides, sulfates, car-

bonates) accumulate in the fine earth matrix. They do not show appreciable leaching ef-

fects, especially in the early stages of their development, when runoff and surface wash are

negligible. Salts accumulate in these soils until a stage of soil degradation and truncation

is reached.

Reg soils in the Negev and the Sinai are primarily gypsiferous and saline. Calcic Reg

soils are not at all abundant. NaCI is predominant among the chloridic salts. Less abun-

dant are CaCI 2 and MgCI2 salts.

Since it is difficult to date non-calcic Reg soils, we shall resort to rather general age

groups for the Negev and the Sinai. These are assigned according to the age of the alluvial

surfaces on which the soils have formed: Holocene, Pleistocene, or Tertiary. However,

since the soils which developed or, the older surfaces may be quite old and pulygenetic, one
should treat the assigned ages with caution.

Reg Soils On Holocene Surfaces

Several trends are evident from our study (figures C.3.5-7; C.3.22C):
1. An increase of gypsum and salt content with depth.

2. In most soil profiles, there is a decrease of gypsum and salt content from the A to

the B horison and then a definite increase to a maximum in the lower C horison.

3. In some soil profiles there is an increase to peak amounts at a depth of 5-10 cm and

then a moderate decrease with depth (fig. C.3.6).

4. Gypsum content is usually very low in the A hurison. Gypsum usually increases

with depth at higher rates than that of other salts.

S. Gypsum content is usually far higher than that of salts. The ratios range between

3:1 and 10:1 and become higher with depth.

S. The gypsic/salin soil profile usualy reaches some 40-60 cm in depth. Only in high-

ly pervious parent materials (such as sieve deposits) does salinity reach 80-80 cm.

7. There is a definite change in the accumulation rate of gypsum and salts with time

(figures C.3.6,7).

,
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Figure C.3.5 The content of salts and gypsulm in the fine earth fraction of some Holocene Reg

soils, in the Dead Sea region, Arava Valley, Zin Valley and eastern Sinai.
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Some coneluslons are as follows:

1. There is no -ood leaching of the upper soil hS.rison.
2. There is a diiersity in the leaching and precipitation of the different salts. With

depth, gypsum accumzulates at higher rates than the more soluble salts. Bing of much

lower solulility, gypsum will be concentrated at lower depths due to two types of

processes: (a) rainstorms of high amounts and duration may dissolve gypsum from the

upper horisons and precipitate it in the lower ones; (b) the combination r- capillary rise
and evaporation may carry h, more soluble salts into the upper horiso.,- and precipitate
them there. This may be espLcoally true in the upper horizons which are richer in fines

(silts and clays) than the lower horizons (see chapter C.1). In sieve deposits, where initial
porosity and pore sise are the greatest. there is no differentation of ratios throughout the

profile since water does not mhigrate upward through a fine grained matrix.
3. There is i decrease in .he rates of gypsum nd salt accumultation with time. This is

related to a change of the hydrologic regime as more fines are added to the soil profile (se-
chapter C.1)

4. Therf maybe some loss of the more soluble salts due to leaching during extreme
rainfall events, especialy in the initial stages of soil development.

5. We have found only one soil profile (in the Zin Valley, central Negev) in which the A

horison is highly gypsic. A possible reason for this situation may be soil profile trunca-
tion by erosion. Also, in environments where the original parent material has a high

clay/silt ontent, soils may show the same trend.

6. Generelly, we could nt c'early differentiate between trends in gypsum and salt
comp :.tion and distribution in Reg soils having some difference in their gravelly parelt
material. However, a hint is obtained by the comparative study of soils developed on

gravel-bars and swales on alluvial terraces. The foriner are more saline than the latter;
sonie of the water from the bars drain into the swales and soils there are slightly less
saline.

Reg Soils On Pleistocene (and olde -) Surfaces

These soils have undergone salinisation for long po!riods of time and have certainly
been affected by climatic changes. They are old Nud polygenetic; many of them are relict

paleosole. The lack of well established dates and the polygenesis of these soils preclude
correlation of the studied profiles by quantitative analysis. Still, several generalisations
may be presented (fig. C.3.8):

1. An increase of gypsum and salts with depth.
2. Surticial horisons contain more salts than gypsum, but the ratio is reversed down.-

profile, where there is a 'jer gypsum than salt content.
3. There are three different trends of change in gypsum and salt content with depth: (a)

an increase with depth; (b) an increase and then a decrease with depth; (c) the B horizon
contains lower concentrations of gypsum or salt than the A and C horizons.

4. Salt content is usually less than 2%, while gypsum ranges between 10% and 20% by
weight. The gypsum:salt ratios range b-tween 2-1 and 10:1. In the older soils, the ratios are

5:1 to 10:1.
5. Some Pleistocene Reg soils reach levels of salinity which are not observed in any

Holocene Reg soils.
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Reg soil (Tertiary-Pleistocene)
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Figure C.3.9 The content of salts and gypsum in a thick and old gravel-free profile of a Reg soil,

on a very old alluvial surface, above the Zin valley, northern Negev.
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TABLE C.3.1 GALT AID GYPBW O11UT ii CATUA Oil TALUS SLOPE8 (REQ GUILE AND OPAVELLyREOSOL). glectrical 
Salts

Location Pit site oron; Coductt .ty Approximate Gypsum
Depth in ca ambo/ce Percent Percent

Makbt.eh snoft upper talus A1  0 - 1 17.5 1.09 0..
C1  I - 80 27.8 1.72 14.8

lower talus A 1 - 30 2.6 0.18 2.8C 1 S - 40 0.4 0.03 traceeC2  40- 12.2 0.78 5.7
Vount Aaras upper talus C1  10 - 30 16.8 0.99 1.g

C2  aO - 60 2.9 0.18 2.6
center talus 6 - 32 0.8 0.02 tracts

27 - 42 0.2 0.01 tracts
loier talus 0 - 20 0.6 0.03 trace@

Nadi Nukelbila Center talus 30 - 59 7.2 0.46 0.8
75 - go 60.7 8.79 4.4

loser talus 40 - 80 1.2 0.08 1.8
66 - go 87.6 2.36 8.2

Dir Sal center talus At 0 - 1 0.4 0.08 trace@
A 2  2 10 1.6 0.11 trace@
B1 16 - 26 3.3 0.21 0 420 - 30 4.0 0,25 0.0C1  35 46 2.0 0.13 0.3
C2  45 - 66 3.3 0.21 0.3

lower talus A1  0 - 1 0.1 0.01 traces
B1 1 - 6 0.1 0.01 tracesC 1- - 20 1.2 0.08 trace@C ji -2 6 0.2 0.01 0.7
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S.In Reg soils on taluses and in colluvlai sieve deposits the gypsum content is slightly

higher than that of salts. Generally, solls on talus slopes (Reg soils, as well as soils on

sieve deposits) are less saline and gypilferous than soil* on gravelly plains. They are better

drained and more leached by surface wash and through-low.

There is a trend of decreasing salinity downslope on many taluses (table C.3.1). Salt

content is usually higher in soils on the upper sections of taluses then that in the soils on

the middle-lower sections. A similar trend was observed with respect to gypsum content.
Wash and leaching of the lower portions of the slopes by water from upslope reaches are a

possible reason for the situation.

Hammada Soils

In Hiammada soils one finds a high rate of increase in salts and especially gypsum

with depth (figures C.3.12; C.3.221). The greatest amounts of salts are usually in the gravel.

free B horison, whereas the gypsum content is higher at the lower horisons (!25% in lower

B and C horisons). Surficial horisons are leacbed, probably because of their stoniness and

the slow rate of desert pavement evolution.

Stony Serosern Sol'a And Lithosols

Usually, these soils show an increase in salinity with depth (figures C.3.13,14;

C.3.22E,H). The highest salinity is in the lower C horison, at a depth of 50-80 cm. Such

Serosem soils represent a moderately arid to arid environment and the upper horisons are

leached of salts (figures C.3.14; C.3.22E). Only about 0.1% of salts and gypsum may appear.
A similar trend is observed in desert Lithosols, which are generally shallower in depth (fig-

ures C.3.13; C.3.22H).

Sand Dune Soils

Sandy soilb which have developed under gemi-arid to arid climates in the coastal plain

in southern Israel and northern Sinai are poor in salts. Salts cortent along the soil profile
is rather constant to depths of 200 cm and more; it is usually less than 0.03% (fig. C,3.151
The relatively high permeability and the sufficient rainfall, including occasional
high-quantity/intensity rainstorms, may account for this patttrn.

Conclusions

It is stili impossible to draw sound quantitative correlations between soil properties

and environmental factors such as average annual precipitation, hillilope gradient, dis-

tance from hillerest or azimuth of exposure. Most of the soils encountered in deserts arc
polygunetic in nature and many of them are still h, the process of forLnAt;on Yet several

general conclusions may be presented:

I. There is a general increase of soil salinity with decreasing mean annual precipita-

tion or effective moisture. This is a most generalised conclusion, which conforms with

higher degree of leaching in the less arid environments and a greater contribution of coli-

an salls in the more arid terrains. In order to test the validity of the change of salinity
with the gradient of precipitation aeIounts, one should use similar terrains. However, cer-

tain types of soils such as loesslal soils - dominant in the semi-arid northwestern Negev

- do not exist in the more arid parts of the Negev, whereas Reg soils or Solonchak soils do

not show in the northwestern Negev. Some terrains are exclusive to certain environments

or regions. In th lo sial terrains there Is an increase of salinity with climatic aridity,

C"
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Figure C.3.12 The content of salts and gypsum in the fine earth fraction in some ljammada soils
in the northeastern and central Negev.
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Figure C.3.13 The content of salts and gypsum in Lithosols in the northern and central Negev.
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Figure C.3.14 The content of salts and gypsum in a Serozem soil in the Judean Desert.
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primarily through the decreasing effects of leaching and a higher trap efficiency. The end
members are the non-salinv loessial soils of the northwestern Negev and the loessial
serosems further southeast, in the central Negev. Yet, in the Reg soils we have not traced a
clear trend. Holocens as well as Pleistocene Reg soils in the extremely arid southern Negev
are not definitely more saline or gypsiferous than Reg soils of comparable ages in the
somewhat less arid c.ntral and northern Negev. This may be due to the fact that in a non-
leaching environment high salinity values are due to somewhat greater amounts of salt
carrying rainfall.

2. The distribution of salinity values through the soil profile is not uniform. There is
a decrease in depth of the horison of peak salinity in the soil profile with increasing aridi-

ty, or decreasing mean annual rainfall. This trend is most clearly observed in soils on flat

surfaces or gently sloping terrains. Peak salinity is found there at depth or more than 80
cm in loessial soils in the northwestern Negev, and less than 50 cm in Reg soils under ex-

tremely arid climates. A complication of this general trend arises in polygenetics soils
formed under changing climatic regimes. In these one may find more than one gypsic
and/or salic horison. at various depths.

3. Local conditions highly affect the amounts and distribution of the salts in the soils.

Several environmental settings where local conditions are dictating characteristic salinity

distributions may be noted:

(a) Highly pervious parent materials, such as gravelly sieve deposits and sand, into

which ralts penetrate to great depths (of more than 100 cm) and are in most cases eeenly

distributed. Only after such parent materials are densely impregnated by dust, the general

existance of horizons of high peak salinity is clearly marked.

(b) On hillslopes one finds a clear control of drainage: colluvial mantle at the base of

rocky outcrops may be leached, or salts are found at great depths, due to high runoff input

from the rocky surfaces. Further downslope on a loessial colluvial cover one often find-

very saline soils due to lack of effective leaching or wash (Danin, 1970; Arsi, 1981; Wieder

ct al., 1985). On gravelly talus slopes, where drainge and wash integrate downslope, there is
higher salinity in the Reg soils on upslope (backslope) reaches than on downslope

(footslope) ones.

4. The effects of local and regional sources of salts may be decisive. The highly gypsi-

ferous nature of the soils in the Arava Valley and Makhtesh Ramon (central Negev) is

augmented by gypsum derived from gypsiferous rock formations exposed upwind. Some of

the saline playa deposits in the Arava Valley are carried southward by the prevailing

winds onto the extremely arid terrains bordering the Gulf of Elat.

5. The rate of increase in salts and gypsum in some soils decreases with time. Reg

soils show a very slow change in salinity after some 1000- 3000 years. Some soils may be-

come relict after tens or thousands of years, as may be the case of Reg and lammada soils.

Thus, soils on early Holocene and Pleistocene alluvial surfaces may show similar ranges

of salinity.

8. Most desert soils in Israel and Sinai tend to have a high gypsum to salts ratio (usu-

ally ranging between 2:1 and 10al).This fact deserves a close attention. The ratio appears tc.

increase with the age of the soil. Old (Pleistocene) soils usually have a higher
gypsum/salts ratio than Holocene soils. Several processes contribute to this trend: (a) The

C52A



100.0.

06

75.04 0 Is
e o

•

0.

IA
. .

050- 0 14.0 0 2;0 504i0 4.

• 0 0O

00
00 e 0

400

a

250 w =0.37

0.0 7.0 14.0 21.0 28.0 35.0 42.0 49.0

EC. mmholcm

1., Os.

- I .

C 63

60oq 0g 0

• j 4 • a

201o *r = 0.015

1! .*n =:194

0l "
• ;;~ :

001 -~----- 7 ! • .. - m• !
0.0 7.0 14.0 21.0 28.0 35.0 42Z.0 49.0

~GYPBUM. porcent

F-igure (2.3.17 The correlation between the content of dust, (silt and clay) and salintly- -

? expresed as electrical conductivity (E). A. Loessial soils in the northern : "

,, and northwestern Negev. 1. Pleistocene Peg oils in the Negev and Sinai. a

C5



24

f Go 0
O00

12 0

OS - 0.0

GYPUM *0 Se

codctvt •EC inHlcn e •olNhlUlm(edSa

24

* 0

6.0 0'e

*a r- .565

= 113

0.0.

0.0 ,.o 2.0 3. 3.0 6.0 .0 7.0
MgYPSUM. percent

Fguare C3.18 The correlation between typut content i and s Mlgntly exprened s electrical
conductivity (ECt he Holocene Re soils, Naj__al Ze'elim (Iead Sea).

16-t  0 U

* 0

00 00:-o

60• r : 0.93

0.0 o.8 .,.6 2.4 3.2 4.0 4.8 5.6

Mg". rnerqlOOgr soil

FI5uZ, C.318 The correlation betwen Ihe electrical conductivity and MgI++ in soluble salts
in the HoloccnL Pag soils ol Nakal Z7'elir ')ead Sea).

C54



1.,0

ee r - 0.917

n n- 19

FIjur. C.119 The cormlation bewen N&+ and Ci- in the soluble "Its oft he B horisons, in
the Holocene Ng @*Us of Nahal& 7%lim (Dead Sea).

r - 0.975

n 1

0• now 19W 0

Flaws C-30 Th cotmllaion between CI- ad Ca + In the olble Wis of the B horlson,
In the Holocene Reg soilp of N&W Ueelim (Dead Sea

I

,. c0

• : .....



more soluble malts (chlorides) are partially leached during events of large rainfall amounts
(Arkley, 1981 Dan, 1983) or wetter climatic regimes; (b) Some of the more soluble salts
may rise in the soil profile during periods of/ desiccation after rainstorms, and are later

washed by surface runoff.

7. There is no good relationship between the contents of salts and gypsum in discrete
soil horisons or whole soil profiles (fig C.3.18). This is due to several reasons: (a) A very
diversified hydrochemical composition of rain water of different rainstorms. (b) Differen-

tial solubility and mobility of the various salts. Leaching and capillary rise redistribute
salts in the soil and remove some of the more soluble materials. (c) There is a gradual
change of soil texture with time; this affects the hydraulic properties of the soil (see
chapter C.1) and with it - the distribution of various salts in th,; soil profiie. (d) Most

aridisols are polygenetic; they have developed under changing climatic regimes, with vary-
ing rainfall and salt contribution patterns.

8. There is no established quantitative relationship between the amounts of salts or
gyspum and the quantities of fines (silt and/or clay) in the soil (f6g. C.3.17) . The higher

mobility of the salts through the soil is the major reason for this situation. The soils
richest in fines are loessial soils and Takyr soil, while the most saline soils are Solonchaks
and Reg soils; in the latter two soil types the relative amounts of introduced salts versus
trapped dust are high. A very general trend is that the sa!ts/dust ratio increaces with ari-

dity, due to decreasing leaching and low dust trapping of the soil in the more arid
environment. In soils rich in fines under arid to extremly arid climates, one generally ob-
serves a retarded dust penetration while introduction of salts is still effective; such soils
become more saline with time.

9. The composition of the chloridic salts in the soil was not studied in detail; however,
several observations were made: (a) There is a high degree of correlation between several
variables in the Holocene Reg soils: (1) Electrical conductivity and Mg+* content (fig.
C.3.19); (2) The content of Na + and CI- (fig. C.3.19); (3) The content of Ca + + and C1 (fig.
C.3.20). Such correlations point to the rather constant overall relationships between the
components of the chloridic salts. (b) There is a certain similarity between the salt com-
position of sea water and that of Solonchak soils in coastal Sabkhas and some young soils,

such as loloccne Reg soils (fig. C.3.21) and A horisons in some other aridisols. (c) Most
older soils and soil horizoias are different in their salt composition from both sea water and

average rain water.

10. Calcic soils, in which calcium carbonate is a major precipitate, are foand mainly in
the less arid environments - the northern and northwestern Negev. Such soi i are encoun-
tered also as paleo'olb in areas where gypsic and salic soils are being formed at present,
and were observed in many sites in the arid and extremely arid parts of the Negev and the
Sinai.
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CA GROUND COVER - TYPES AND OCCURRENCE

Soils and surficical deposits in deserts are often mantled by some crust - a well defined surfi-
cial horiton, different in its texture and structure from the underlying material. In many cases,
the surficial horiwon is more cohesive, durable and erosion-resistant than the underlying horison.
This is more often the case in soils than in other surficial deposites. In other instances, some
indurated horison was brought to the surface by the erosion of an overlying softer layer. The
surficial crusts vary in their composition, structure, thickness and degree of induration. Several

major types should be presented:

1. Loess Crusts

Loess crusts are thin crusts (2-3mm), usually of loam-silt-loam texture (plate 15C). They are
widely spread on loessial deposits and between surfuce rocks in Reg soils on alluvial and talus
surfaces. Loess crusts are composA mostly of silt and clay, densly packed and unaggregated

(Chen et al., 1980). They are formed by two groups of processes; (a) Mechanical dispersion and
depo'ition by raindrop impact and surficial runoff (Morin et al.,1981; Tarchitsky et al., 1984). (b)
Chenical dispersion, washing-in and accumulation of clays (Agassi et al ., 1981).

2. Blogenlc Crusts

Lichen, algae and mosses often form a surficiai layer over fine grained soils and debris. The
resulting crusts protect the underlying profile from the impact of raindrops and erosion by runoff
and winds. Dust is usually trapped by lichen colonies and mosses and between them (Danin and
Yaal ,n, 1981). The resulting crusts, composed of dust, plants and precipitated salts are of variable
thickness: In the vicinity of Jericho (-100 mm/year of mean precipitation) a < 20 cm thick crust
haa, developed during a period or several thousand years over chalks and marls of the late
Pleistocene Lisan Formation. Near Massada, some 50km to the south (_60 mm/year of mean
precipitation) the crust is only a few mm thick (Danin, 1984; personal information).

3. Crusts on Playa/Sabkha Surfaces

Surficial layers of playa surfaces are diversified. Three main types are apparent:

(a) Clayey crust. These crust, composed of 40-75% clay appear in playa centers
which are covered occasionally by flood water. The coarser fractions are left behind, in the

playa margins (see Part D). Fine airborne dust is added to the surface while it is wet. In
these playas there is no permanent shallow water table and the surface is dry for long

periods of time. Salts in large amounts are not added and in fact they are leached by per-
colatir.g floodwater. The crusts are hard, smooth and devoid of vegetation, overlying
Takyr soils.

(b) Salt Crusts are typical to playas and sabkhas where high groundwater level is
discharging water to the surface, repeatedly or continuously. The salts precipitated upon
evaporation are mostly chlorides, sulphates and some carbonates. Crusts of variable
thickness are formed. The surface is usually rough, composed of small crests and troughs,
polygon5 of y.iriou3 sues and small solution pitf (Krinsley, 1970; Cooke and Warren,
1973). During long periods of time the soil (Solonchak) is wet and soft at the surface.

(c) Soft puffy surfaces are frequently encountered in playas where rapid capillary
rise of water is '-rircd from a very shallow water table. The micro-topography of such
surfaces may attain 15 cm. High salt content and rather large particls sises - sand and

silt (very little clay) are typical. The surfaces is periodically wet. Shaliow water inun-
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dation occasionally occurs; dissolution of salts and smoothing of the surface takes
place, only to become rougher again upon drying.

4. Surficial Gravel

Gravel (pebbles, cobbles, stones, grit) appears on many landforms developed or derived
from hard brittle bedrock: stream channels, alluvial fans, alluvial flood plains, rocky pla-
teaus, hillslopes. Rock blocks of various sises are exposed by erosion of hillslopes and are
carried downstream. The size of the gravel is governed by several factors: joint spacing,
breakdown and attrition during periods of movement, corting during periods of transporta-
tion !-nI w--atherii; & '. rli ods of rest. The general trends are described in Part D and
figures D.1, D.2. It is during the period of long rest that dust is added to the gravel, through
weathering and introduction of airborne materials: Reg soils, Hammada soils and Lithosols
are common results of the movment of water, and the deposition of dust and salts whitin the
gravelly debris mantle.

5. Desert Pavement

Desert pavement is a gravelly surficial cover of > 40%, overlying a fine soil horizon. It is
usually composed of coarse fluviatile gravel, partly or completely shattered by mechanical weath-
ering. The resulting gravel is often 1-7 cm in median diameter; it is stable in place, lying flat,
short axis vertical (plate 11A). Desert pavement is characteristic to gently sloping coarse-alluvial
plains that are not fluvially active, Hammadas vn rocky flats and talus slopes of medium and
gentle gradients. The stones may be varnished or pitted on the upper side.

Several processes are involved in desert pavement evolution: (a) Mechanical weathering of ori-
ginal grafel; (b) Winnowing and washing away of fine particles (< 2mm) by wind, runoff and
percolation; (c) Migration of gravel towards the surface; (d) Downward movement of dust intro-

duced by wind and rain - fine sand, silt, clay. With time, a thin (0.5-7.0 cm) loamy vesicular
horizon develops underneath the gravel and between the discrete rocks. In the latter cases it is
covered by a thin loess crust. During several tens of thousands of years a gravel-free B horizon
may develop under the vasicular layer.

The course of evolution of desert pavement on alluvial surfaces is as follows: (a) At an early
stage there is usually an almost complete cover (75-95%) of the surface by fluviatile gravel and
some fines. At this stage there is a gravel bar and swale topography at the surface. (b) During a
later stage there is a slow obliteration of the gravel bars by the mechanical weathering of the

surficial gravel, trapping of airborne dust underneath and between the surficial gravel and evolu-
tion of Xeg soils (Hammada soils may develop in a similar manner). Figure C.I9 illustrates the
change of pavement cover with time on a Holocene sequence of alluvial surfaces. (c) Several 104

years elapse until the srface is composed mostly (>85%) of secondary ,mechanically weathered)
angular gravel and the differences in elevation between bars and swales (being originally 20-60
cm) are completely eliminated. The conditions that determine the rate of this process are the size
of the original gravel and the surficial features, the ability of the water to penetrate the individu-
al rocks and the amounts and composition of the salts available for the mechanical weathering
process. A smooth surface of desert pavement on alluvial surfaces composed originally of small
cobbles and pebbles, indicates an age of more than 13,000 years (Bull, 1974; Bull, in preperation;
Ku et al., 1979) and in most cases more than 30,000 years. (d) After several 106 years, when the soil
profile is highly plugged with fine silt, clay and salts, there usually occur a stripping and erosion
of the Reg soil and some indurated crust, composed of gypsum, salts of 'alcium carbonate may be

exposed at the surface.
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PART D: GRAVEL IN DESERT SOIlS AND DEPOSITS -

SOME COMMENTS ON POSSIBLE RELATIONSHIPS TO DUST

The present report deals with the fine fractions; however, It is still necessary to have an
overview on the accompanying material - gravel. The following treatment Is rather general,
but It certainly complements the broader piture.

Gravel in desert terrains is readily available due to the SJlgiACantly high rate of mechai-
cal breakdown of the bedrock. Salt weathering Is predominant on the widespread rocky
outcrops as well as at the bottom of the shallow Regosol, aammada soil, and Lithosol profiles.

The debris produced by mechanical shattering Is readily transported by the high rates of run-
off from rick exposures caused by intensive rainfall. Sorting in the site of gravel takes place as
the debris is transported down the fluvial system: the fner fractions are carried farther down-
stream into the depositional basin.

Wind erosion and transport are significant processes in winnowing sand and dust from
eroding terrains as will as from deposltionl tandforms; the finer fractions accumulate in
downwind areas, such as sand fields and loess plains. Gravel is left behind as a lag deposit with
very little fine matrix. Figure D.1 broadly summarises the general subject of the origin, tran-
sport and deposition of gravel in fluvial and interfacing systems In deserts.

The else of the gravel is dependent on several factors:

1. Joint spacing, determining the sie of pocential rock debris.

2. The available power to detach and transport gravel downslope atd downstream.
3. abhering and abrasion of rocks during period@ of repose and trimsport, respectively.

The following are the types of agents that may carry very coarse gravel (large cobbles and

boulders) dowoslope and downstream into the depoeitional basins:

1. Debris flows, carrying large unsorted gravel In a matrix of fine earth materials (Plate
6).

2. Flashy Moods, typical to terrains of large rocky outcrops under intensive rainfall.
Debris flows are characteristic of steep hillslopes under long term moderately arid - semi-arid
climatic regimes while flashy floods ar more typical of desert terrains under arid through ex-
tremely arid climtes (Gerson, 1932).

The effects of climate are clearly demonstrated by analysing sedimentary 'aits In deserts.
For example, high Pleistocene alluvial terraces and fans as the foot of escarpments include in
their sections a high proportion of debris flow deposits repreenting climatic regimes wetter
than at prsent. The lower group of alluvial terraces exhibit stratified and lenticular coarse
and fine fluvial sediments, typical of the more arid regime of the Holocene (Gerson and Gross-

man, 1985).

Many watersheds In the southern Mojave and Sonoran Deserts show three types of gravel,
either In a single terrace or In separate terraces (fia. D).2 These Include fine, well sorted gravel
often In a Cue earth matrix (red In color), overlain by coarse unsorted gravel mixed with sand,

and sand with some gravel as in many piesent-day channels. Thes represent three types of
environments, nspectivelys 1. Moderately arid to semi-arid or a transition from such a climate
to a distinctly more arid one; 2. An extremely arid to arid cltnate with coarse gravel avail.
able for transport and deposition by lash floods; 3. Stream channels In watersheds under ex-

tremely arid climates of long duration, where bliblope colluvia and regolith are depleted and
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Figure D.1 ORIGIN ond, DSTRIBUTION of GRAVEL
in STREAM -SYSTEMS of ARID REGIONS
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In many soil types and other deposits, gravel is a major component and is often found
interspersed with fine earth (sand, silt, clay). With time, these deposits develop a loamy gravel-

frep A, and B horisons overlain by a fine to medium sized gravelly desert pavement. Such are
generally old Reg soils and sometimes old k-ammada soils (plates 11, 13). The gravel-free hot-
izons are formed by the penetration of settling atmospheric dust with percolating rain and
runoff water. The spaces between the original coarse particles are gradually filled with dust.

Accretion of additional dust forms the gravel-free horizons. It takes several 101 years for a 0.5
- 1.0 cm thick A, horison to develop, some 6 - 15-103 years for a 3--5 cm thick AB-B gravel-frve
horisons to form, and 6-10 104 years for a thick (several decimeters) gravel-free horizon to be
established. Dust accretion in the C horison is rather slow, and it therefore remains highly
gravelly. Concomitant with the accretion of dust there is a gradual salinisation process. The B

and C horizons become gypsic and salic (or calcic) with time (see Chapter C.3). Precipitated
salts eventually constitute tens of percents, by volume and weight, of the non-gravelly frac-
tion. A well developed gravel-free horison in Holocene Reg soils is rather rare. A clear bar and

swale topography on gravelly alluvium (Plate 5B) may be associated with a <10 cm thick

gravel-free or a gravel-poor horison. Well developed late Pleistocene Reg soils may usually
have a <25 cm thick gravel-free layer. More frequent are soils with such horizons 5 - 15 cm
thick. A similar range of thickness is typical of gravelly soils on talus slopes. The mature
gravelly soils are always associated with a smooth desert pavement, (Plates 11, 14). The uplxr
part of gravelly sieve deposits stay highly porons for very long periods of time. Only very old

surfaces composed of such deposits may have gravel-free horizons, but this situation is rather
rare. Most Hammada soils are very irregular with respect to gravel content and in-situ rock
blocks. Usually one observes a lateral transition from exposed bedrock into mechanically shat-
tered rocks with some dust concentrated in pockets. Sometimes well developed desert pavement

overlies patches of a gravel-free B horizon (Plates H1A, 14D).

Summary
1. The ratio of fine earth to gravel increases with time in most gravelly soils on stable

surfacca (Reg soils, Hammada soils)

2. A gravel-free layer tends to develop in-situ with time under a desert pavement on stable
surfaces composed of coarse alluvial gravel and mechanically weathered hard rocks. A con-
tinuous, smooth desert pavement usually denotes a gravel-free, loamy-silty horizon underneath,

generally thicker than 10 cm.

3. A well developed desert pavement is usually composed of well sorted gravel, 1.5 - 7.0
cm in diameter. This hinders size estimations for the gravel layers/horizons underlying the

gravel-frte horizons. However, there is a general decrease of gravel size and better sorting
downstream in a channel or alluvial fan. This principle may serve as a guideline for site esti-
mation if the gravel underlying the surface is of interest.

4. Soil profiles and deposits in downstream reaches usually include more fine earth sized
materials than upstream.

5. Very coarse and unsorted gravel is expected in debris flows and along st..eam charr, I

and alluvial terraces of water courses draining steep mountaineous watersheds whet hard

rocks are exposed.

8. Liammada soils and Lithosols are most variable in their general content, size and dis-
tribution. It is extremely difficult to generalise or predict their gravel composition.
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PART E. SUMMARY AND DISCUSSION

E.I SOME ENVIRONMENTAL EFFIECTS ON DESERT SOILS AND DEPOSITS.

On The Effect Of Climate On Desert Soils

The climatic regime is reflected mainly through the availability of water -- the amounts,

duration and intensity of the precipitatition; the frequency of rainfall events, the duration of

dry periods; the rate of evaporation. Wind and temperature should be taken into consideration
while evaluating water availability.

The availability of" water effects the following processes and their products:

1. Mode and rate of weathering. Generally, the more arid the climate, the more signi-
ficant is the process or mechanical weathering, compared with chemical decomposition. In ex-
tremely arid environments one should expect predominance of gravel, grit and sand. Under

semi-arid climates grit, sand and fines may be produces in appreciable amounts or even

predominate.

2. Water infiltration. The depth of water infiltration depends mainly on the amounts,
duration and intensity of rainfall, antecedent moisture, porosity and permeability of the soil.
The thickness of the soil profile and the soil horizons, the penetration and distribution of
airborne dust and salts and the modes and zones of weathering - all are dependent on the
infiltration of available water. The thickness of the soil profile is a readily observable proper-
ty; in most soils it is directly effected by the degree of aridity. Soils of a particular type in the
extremely arid southern N'gev are shallower than the soils of the same type in the less arid
northern Negev. The shallowness of the Reg soils of Holocene age reflect the aridity of the
latest Quaternary, compared with the thicker soils of late Pleistocene or earlier periods (see
chapter E.2). Similar trends apply to the thickness of discrete soil horizons.

3. The composition, distribution and content of salts in the soil are controlled mainly by
water availability, depth of water penetration, and evaporation. These factors determine the
degree of leaching and differential pre'-pitatlon of salts of different solubility - car-
bonates, sulfates and chlorides. The "gradient" of salinity, the types of salts and the depth of
salt precipitation with climate is generally accepted and is summarized by Dan & Yaalon
(1982) and Birkeland (1984). Calcic soils are characteristic of semi-arid to arid terrains,
whereas gypaic-salic soilb are typical of the extremely arid environments. However, the distri-
bution of rainfall through the year and the resulting vegetation may change this pattern
through the change of the effectiveness of precipitatior.. Ii desert areas of two-season rainfall
regimes or where snow is a substantial component, there are instances in which extremely arid
environments receiving 00-80 mm of precipitation, lead to development of calcic soils. Such is
the case of the southern Mojave and northern Sonoran Deserts.

For further discussion on the effect of climate and significance ar local environmental fac-
tors, such as topograhy ajid aspe. , see the following section.
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Local Environmental Effects

The amount, composition and distribution of dust and salts in desert soils and deposits are

greatly influenced by three basic elements: 1. Topography; 2. Aspect; 3. Location - relative to

adjacent landforms. These elements may exert their inluence in different degrees and combi-

nations.

1. The effect of topography. The development of a eatena - a sequence of soils along

a hillslope, changing in properties due to the distance from the crest, gradient, drainage and

history of the soil - is relatively rapid. A ctkar catenary development in young gravelly soils

was found on risers of Holocene alluvial terracei across the Negev .Thick (15-30 cm) gravel-

free 3 horisons have developed at the foot of these risers and thin AC type profiles are charac-

teristic on the backslopcs which have reached gradients of 1Bo-200. The general eaten& Is: a.

Rag soils of the ABC type on the tread of the terrace; b. Truncated ABC profiles, into AC

profiles, on the crest of the slope; c. AC or C profile on the backslope part of the risers; d. Vll

developed ABC profiles at the footalopes.

On risers of gravelly alluvial terraces of Pleistocene age there are typical ABC soil pro-
files along most of the slope. The catena expresses stability, with gradients < 180. Leaching is

pronounced, especially on the downslope segments, since these portions receive runoff water

from the upslope areas. Concentrations of gypsum and salts are found at deep horisons in these

sol profiles - 35-60 cm below the surface.

On many hillsopes carved in limestone aad dolomite (plate 1A) there is a characteristic
toposequeace- a. Lithosols on the crest and backslope; b. Stony serozems on the lower

backalope and upper footslope; c. Loessial seruserns on the footslope and toeslope (Dan,1968;

Dan et al., 1982). On the lower, colluvial segments thert is usually a calcic Iorison at shallow

depth and concentration of gypsum at deeper horizons (Arsi,1981; Wieder et al., 1985). On the

lower toeslopes, farther from runoff contributing backslopes, there is often a gypsic horison

above a calcic horison - evidence of the very xeric regime in such sites (Arsi, 1981).

Different trends were found on gravelly talus slopes at the base of escarpments (plate 7A):
The lower portions of the slope carry Reg soils which are less saline and more dust-rich than

the soils on upper segments, due to the activity of runoff and wash contributed from the latter.

In loessial soils in the seni-arid northwestern Negev there is a trend of formation of a

clay-loam B. horizons on the footslopes - segments that receive both water and clays from the

backslope parts (Dan,1966). The soils on tho footslope segments ar definitely thicker than on

the backslopes and often - on the touslopes

Within a giv,.n hillslupe there is often a pronounced difference between the soils of adja-

cent sites. Such a variability is observed in the transition from bare rock& or shallow Lithosols

to loessial Lithosols or Serosems in patches downslope (Danin, 1970; Arsi, 1981); the latter have

in many cases a clay on clay-loam texture and low salt content. Rag soils on Holocene alluvial 4
surfaces show high variability in texture and salinity (Arnit & Gerson, 1985): the soils on

gravel bars tend to be coarser-grained and more saline in their fine earth fraction than the

soils on the swales - abandoned channels - due to wash from the former into the latter.

2. The Influence of aspect - direction or the hillslope. It is a well established con-

clusion that hillslopes facing the sun are usually drier than those directed away from the sun.

In the Negev, this was well documented for both soils (Dan,1966; Arzi,1981) and vegetation (Da- -
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nin,1070). Several factors that determine the properties of the soil are related to aspect: a.
Water availability and effectiveness. The direction and inclination or failing rain are con-
trolled by wind direction and velocity, respectively. Thus, more rainfall reaches west and
northwest facing hillslopes than east aud southeast facing hillslopes in the Negev
(Sharon,1983). Hlillslopes facing northwest and west may receive 30-70% more annual rainfall
than those having the opposite directiun. The difference during discrete rainstorms may reach
50-100% (Sharon, 1980). Desiccation of sun-facing hillslopes render them more arid than those

facial away from the sun. In the case of the Negev both rainfall direction and sun direction

combine to accentuate the differential moisture between north and west facing hillslopes
versus south and east facing ones. b. Vegetation manifests the difference in aridity very clear-

ly: in the arid hilly northern Negev one usually finds the sygophyllum duwosum (sage brush)
plant association on south facing hillslopes, whereas the Antemisia herba-albae (burley bean

caper) plant association predominates the north facing ones (Danin 1970).

Dust accretion, being dependent on wind direction and velocity, surficial moisture and

vegetation, illustrates the effects of aspect. For instance, there is a thicker loess mantle on
north facing hillslopes than on south facing ones in the northern Negev (plate 2D). The same
trend is apparent in the depth of salt precipitation - it is shallower in soils on south facing
hillslopes.

3. Location relative to adjacent land forms. Dust and salts, as allochtonous materials
in most desert soils, are sometimes derived frou landforms and physiographic regions adjacent

to the site in question. Soil at sites located downwind of source areas of dust or salts will show

larger amounts of these materials and a rather high degree of development. For example, in the
southern Arava Valley -- a region located downwind of vast source areas for dust and salts;
northern winds blow over this area most of the time. The soils and deposits in the southern
Arava are richer in fine band, dust and salts than soils and deposits of comparable origin and
age further north along the Dead Sea Rift. Another exampie is the lava flows of latest Pleisto-
cene age in the Cima Volcanic Field in the southern Mojave Desert (Wells et al., 1984): large
amounts of dust have been trapped in the llammada soils on this flows, located downwind of

the source areas of Soda Lake and Silver Lake playas (see chapter E.2: Rates of Dust Accretion
in Deserts).

On The impact Of Climuatlc Flucluations On Arldic Soils.

Climatic regimes, if in effect for a suflicieint length of time, may produce long-standing
prints in some types of aridic soils. Pedologic activity during periods of several 103 to several
104 years Is necessary to reflect a particular climatic regime. The effect of such a regime may be
overshadowed by certain local effects as describes ii the sevios section.

The properties, or qualities, which depend on climate in aridic soils are;

1. The thickness of the soil profile and the soil horizons.
2. The texture of the allochtonous dust-sited fraction.
3. The composition and the distribution of the secondary, pedogenic salts in the various

soil horisons.
4. The altered mineral spocies, the quality of the iron oxyhydroxides and the clay

minerals in the soil.
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6. Certain rnicromorphologlcal features such as clay films.

All these characteristics are largely dependent on the hydrologic regime at the surface and
within the soil profile. The hydrologic regime is controled by both the climatic elements -

precipitation, temperature aud wind, and by the hydraulic properties of the parent material or
the soil profile. The latter changes significanly with time (see chapter C.1)

There is nu nuflicient data about some of these factors; especially there is no quantitative
analysis or sound guidelines for their combination to be applied to a paleoclimatic interpreta-
tion. However, several trends should be emphasised here

1. The composition and distribution of the pedogenle malts are indicative of the
effective moisture. The differentiation between CaCO3"rich soils and gypsum-salt-rich soils
may serve as a sound basis for separating moderately arid to semi-arid environments from arid
to extremly arid ones (Dan k Yaalon,1982). For example, while calcic soils are predominant in
the semi-arid to moderately arid northern Negev, the soils in the extremely arid southern
Negev are gypsic-salic. Wherever we do find calcic soils in the southern Negev. they are pre-late
Pleistocene paleosols or have developed under special environmental conditions. In some
areas, such an the Grofit Plateau, we find thick (2-15m) calcic loesial paleosols similar to
those formed during the middle to late Pleistocene in the northert Negev.

2. The thickness of the soil profile serves as an indicator of the depth of penetration of
meteoric water. This property, if compared in soils formed on similar parent materials, may be

used for asresoing the relative availability of moisture, reflecting effective precipitation. A
case in point is Reg soils on Holocene versus Pleistorene alluvial surfaces: the soils on the
Hrolocene surfaces are shallow - less than 60 cm in depth - whereas many late Pleistocene
Reg soils are th'ck - more than 1.0m in depth. The latter have developed under climatic re-
gimes that must have been effectively wetter than the former. It is not the time factor that hab

led, indirectly, to the development of the thicker, older soils; available moisture had to be effec-
tively larger (for elAboration on late Pleistocene climates, the reader is referred to Horowitz,

1979; Goldberg, 1981; Cerson & Grossman, 1985).

3. The mineralogical composition of some soil components may bare evidence to
pasL climatic regimes. However, most of these mineralogical components should be taken only

as indicators to climatic regimes and climatic changes and in most cases not as a conclusive
evidence. In section 1 above we have described the existence of calcic paleosls in areas where
gypsic-salic soils are the rule at present. Clay composition of aridic soils is often mentioned as
a possible indicator of different past climates. The composition of the dust fraction in aridic
soils should be treated cautiously since most of it is derived from airborne sources. The compo-
sition of this recycled dust is determined by the weathering processes in the original sites of
pioduction, by the alteration in former sites of deposition and by the mixing of dust from

differnt sources. However, few componenta may still serve as climatic indicators. One example

is kaolinite in soils located in sites where kaolinite is not preferably abundant. In some soils,

such as fossil Terra Rossa and calcic argillic paleosols, there is a predominance or kaolinite,
much of which is well crystallized; this is so in terrains where montmorillomite is predom-
inant in, the younger soils which have developed under climatic regimes similar to the present.
The former soils have developed tvnder climates wetter than at present. Gleyed soils are not
frequently found in deserts. However, we do observe tracs of reduction and gleysation in old
paleosols in sites where no such processes are active at present; stream valley bottoms are one
case. Former flood plains were in some instances perennially inundated whereas the present-
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day channels are ephemeral and dry most of the year.

4. The relative formation and accumulation of the various Iron compounds - ogohite,
ferrihydrite and hematite - may point at the climatic regimes under which the soil has

developed (McFadden & Hendriks,1985). Hoower, the separation of the effects of the time factor
from those of climate is still a major drawback In the Interpretation.

5. Mleromorphologleal features hold potential for a paleoclimatic interpretation. For
example, clay films are abundant in gravelly soils that have developed under modetately arid to

semi-arid climates whereas in such soils developed under extremly arid climates they are ab-

sent or only slightly apparent.

We may accept an interpretation of past climates which were different from the present in

cases where several soil properties support such a case. Only in certain cases may we use a
single property as a conclusive indicator of a different paleoclimate - calcic soils in sites
where gypsic ones are presently characteristic and gleyed paleosols In sites where gleysation is

not active at present. In the case of fossil Terra Ross& in desert terrains we belive there is no

doubt about past climates very different from the present (the present is treated here as If it is a
time for which the climate is fairly well known)
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E.2. EVALUATION OF DUST IN DESERT TERRAINS -

COMPOSITION AND AMOUNTS

Note: Chapter E.2 emphaslses results and conclusions of Parts C and D. See the summaries of
the chapters in the parts for additional concluSions.

The Composition of Duet

The composition of the dust fraction in desert soils and deposits is related to several
sources, such as parent material, the composition of allochtonoue - mostly airborne - dust

and the nature of the precipitated salts. The composition of the airborne dust is largely re-
flected In the dust fraction of most desert soils and deposits. Generally, It is composed of -50%
of medium to coarse silt. Minor amounts of clay and fine sand are always present. However,
addition of various sise-frections or differentiation by pedogenic processes may significantly
change the original site distribution according to location, topography, climate and age (see
chapter E.1). Especially important Is the contribution of sand from eollan and fluvial sources.
Soils In areas close to actively contributing sandy terrains are usually sandy to sandy-loam in
texture, whereas the texture of soils several tens of km or more from such areas are generally
silty-loam to silty-clay (see chapter C.I). The soils and deposits which are largely derived from
distant eolian sources are usually of finer texture.

Table E.2.1 summarises the general properties of the soils and the deposits analysed in the
prcsent study. There is no single principle which can gnide an objective grading of desert soils
according to their dust content, composition and distribution. Hence, the types of soils in
table E.2.1 are organised according to the following guidelines"

1. The abundance of dust in the soil profile - maximal in loessial and Takyr soils and

minimal in active sand dunes and coarse gravelly alluvium.
2. The association of the soil (or deposit) with a particular type of landform (see chapter

A.3).
3. The age of the soil, within a given soil type. In most soils there Is an increase of the fine

fractions (including precipitated salts) with time.

Figure C.1.16 expresses the dust content in the various desert soils and deposits in the
Negev And the Sinai. A sui r sary based on the data presented in chapter C.1, table E.2.1 and fig.
C.1.]0 emphasizes the folloui).g points concerning dust in the different soils.

1. Loessial soils.

Young loessial soils are usually silt-loam in nature whereas well developed loessial soils
have a texture of silty-clay and silty-clay-loam. These soils are usually devoid of gravel and
coarse sand. Loessial Serosems are composed mostly of silt and clay but their particle file
distribution varies greatly. The amount of fines (silt+clay) In loessial soils usually exceeds
50% and often reaches 90%. The ratio between clay and silt usually ranges between 0.4 and
0.5. Generally, these soils are similar in texture to settling atmospheric dust.

2. Takyr soils

Young Takyr soils are silt-loam In texture, whereas wc.; developed Takyr soils are usually
silty-clay and silty-clay-loam. The soil is composed of 60-100% dust, Including 40-60% clay.
The clay/silt ratio is usually 0.6-2. As with loessial soils, they are similar in texture to set- ° "

tling atmospheric dust.
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TABLE E.2.1 SOIL TYPES AND SURFICIAL DEPOSITS IN DESERTS: GROUND COVER,
PROFILE CHARACTERISTICS, DUST AND SALTS

$oil Typ*;
T
ype of Grouid Cover 2 Thickness of Horizon

4 
Thickness cf silt Clay, 5 Average Soil

Surnlclal Depost soil / Deposit Hortson of the t 2mm Eotlaated (averag
Fraction(avorage) < 2m, Clay

% El
Type of Average range average range average cc
Cover COverAI ca cm ca ca min max &To It

. ... ...... ... .... ....... ... .... .... ..... .... ... ..... ...... ... ...... ... .... .. .... ...... ... . ...... ....- .- - - - - - - - - - - - - - - - - - - - - - -

Loese oose cruet 100 43-200 131 A 6-36 20 16 19 51 100 37.2

B 08-132 114 36 92 55 100 44.1

C 08-120 108 17 79 52 100 -

Brown Loessial 100
Boll sandy loam A 7-41 24 54 70 64 100

3 78-104 58 61 72 68 100

C 103-Lag 119 59 64 81 100

Light Brown silty clay 185-210 157 A 0-28 14 30 80 46 100
Loessial Soil losa crust 100

8 54-B0 67 20 87 61 10

C 116-157 136 4 02 D8 100

Loessial Serozeas loess vith
some rock 82-191 87 A 1-17 0 30 81 65 -

Iragments

9 81-67 74 50 91 76 -

C 92-118 104 74 $1 77 -

Bb 121-168 143 71 78 76 -

Takyr Soil loose crust 100 40-100 0 A 1-14 7 U1 100 82 96-100 41.2

B 13-22 1 84 100 70 95-100 68.2

C 36-66 so 84 100 84 95-100 33.6

Solonchack Bol salt crust or
sWline loessial 80-140 102 A 8-12 8 21 80 at 90-100 3.8
/sandy crust 100

B 80-102 86 80 91 99 0-100

C 16.54 30 16 36 28 50-100 3.1
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. Average Soil Binding Components Comments

Estimated (average In the t 2m. fraction)

vorago) < 2m. I Clay Salts Gypsum

Electrical Approx- %
conductlv- Isate

&VI Ity mmbo/cm

61 100 37.2 0.5 0.03 - Parent material - loes0.

16 100 44.1 1.4 0.09 - Land to usually cultivated.

62 1O0 4.2 0.26 - Variable friability of surlicial

---- -- ------- -- -- --- --- --- --- --- - --- --- --- --- c ru s t.

64 100 0.0 0.06 - The natural vegetation Is of

grass steppe type.

f6 100 0.7 0.04 -

The soil contains pedogenetic

61 100 0.2 G.01 - C&C0 3

46 100 0.6 0.04 -

61 100 - 0.6 0.03

38 100 - 0.8 0.05

6 2.6 0.16 0.6

7e 16.6 0.06 2.9

77 - 28.0 1.76 6.8

76 - 21.6 1.36 8.2

82 V6-100 41.2 9.6 0.6 0.6 High soil moisture d%.rIng at least
part of the year.

79 06-100 $8.2 34.4 2.16 8.2o

Onto zonation according to particle

64 96-100 33.6 31.7 1.98 4.0 size, salinity and vegetation.

A relatively high sand contonte in

81 90-100 3.A 24.8 1.66 4.5 coastal belts and In terrain, adjacent
to sandstone otposuros

01 50-100 - 4.1 0.26 -

28 0-100 3.4 60.4 3.76 810
..............................................................................................



TABLE E.2.1., Continued

Soil Type;Type of Ground Cover Thickness of Horizon Thickness of Silt. Clay. Average Soll
Surficial Deposit Sol / Deposit Horlion of the ( 22m Estimated (averag

Fraction(average) < 2e. Clay

% Ell

Type of Average range average range average col

Cover Cover.% CA Cm Cm CA min max &ve It:

Surficial Sediment
Coerse Alluvium Coarse gravel 100 10-100 6'? A - - 12 tr.

C - 4 9 6 tr.
............................................................................................................................-

Reg Soll,Holocene desert pavement 48 86-60 40 A 2-6 3.5 15 sB 60 20 11.2
(130.)

fluvial gravel 42 8 8-9 6.6 14 as 60 26 14.2

lose@ Crust 10 C 14-40 27.1 1 76 33 20 4.8
---------------------------------------------------------------------------------------------------------

Rog Soil. desert pavement 84 60-136 63 A 1-8 4 14 84 49 40 0.8
Pleistocene

loes cruet I$ 9 10-22 16 12 8 48 40 12.7

C 30-53 42 3 84 33 40 10.4

Bb 20-84 27 1 86 66 15.6

Reg Soil, desert pavement 97 160 160

Tertiary

loe cruet a Bee 9-12 10 68 88 78 80 22.9

Bb 100 100
........................................................................................................

Gravely Regoeol loose gravel 93 30-160 68 A 8-15 8 3 99 47 so 11.1

eand and loot* 7 a 2-9 8 6 62 20 40 3.6

C 33-38 a6 7 76 39 10 6.4
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . ... . . .
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Slt Clay, Avorage Soil Binding Components Comments

of the < 2.. LEtimatto (average in the 2m fraction)

Fractionkaverage) ( 2mm, Ciay Salts Gypsum

% Electrical Approx- %

cnductiv- Imate

wIn max &Te Ity aho/cm %

- - 12 r. 10.9 0.68 0 Poor coholton. L.ow clay content.
Good weater penetration.

4 9 6 tr. 21.6 1.36 0.1 Scattered buehes and trees.

a 88 80 20 ?1.2 8.0 0.5 0.8 Notes on Reg Soils:

Highly gravelly soile.

14 88 80 26 14.2 14.2 0.89 2.8
Mostly devoid of vegetation.

76 33 20 4.8 12.0 0.76 2.1
-.---- --..----- -----------..----------------------------------- ------- A horizon Is here d efi:'ed as the

14 84 49 40 9.8 1).3 0.84 0.9 fine ton soll .nder- , nd between

surficlai cover.
12 88 48 40 12.7 22.7 1.42 8.6

The soil is aol',. -:ring
3 84 33 40 10.4 20.7 1.29 6.8 and after Infrequ.-t rainfall

events, usually to depth < 20 ca.

18 88 Efi - 16.6 18.3 1.02 39.0
............................. ..................................... eHolocevne Reg soils 60-130 ca thick

are rather rare.

68 88 78 80 22.9 17.8 1.11 10.9 OeA single profile; only B horizons

were sampled.

3 go 47 30 11.1 30.7 1.92 6.8 The gravelly Rogosols presented

here are developed on e0e
6 82 20 40 3-6 8.9 0.68 1.2 deposits. on talus slopes.

7 76 39 10 6.4 10.2 0.64 3.8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-



TABLE E.2.1, Continued

Soll Type;Type of Cround Cover Thickness of Horizon Thickness of Slit * clay. % A-.rage Soil
Surficial Dopowit Soil / Deposit Horson of the ( 2mm Estimated (average

Fraction(averags) < 2mm. , Clay

% Ele,

Type of Average range average range average coni

Cover CoverA cA cA c cm min max ave Ity

H&smada Soil coarse angular

gravel 8 30-100 50 A 1-6 4 61 92 70 35 12.7

loses crust 14 B 8-21 15 29 d3 64 55 18.6 2:

C 32-So 41 18 64 40 36 18.6
.............................................................................................................................

Litbosol rock fragments bO 66-i00 40 A 0-14 7 37 79 81 4
SerozeI

lose A fin* 50 8 16-39 27 68 84 71

sand

C 24-40 82 60 82

Stony Alluvial rock fragments 60 40-240 142 A 2-18 10 39 86 b* - 1
Be roe em

oesS fine 40 B 62-78 66 27 63 78 - 10
Iand

C 115-142 129 61 96 70 - 21

9b 118-156 186 76 89 83 - S

Alluvial Band fine sand l00 106-300 186 A 0-36 17 16 29 22 100 0

B 44-90 67 8 29 is 100 0.

C 142-188 186 2 11 6 100 - 0
.........................................................................................................-

Sandy Regosol fine 0and 100 40-260 198 A 0-49 20 - - 12 too 0

C 142-188 166 0 16 13 100 0
.............................................................................................................................

Brown Alluvial silty clay

Soil loam Crust 100 200-260 121 A 2-8 to 29 71 48 13

B 85-120 102 65 82 74 - 28

C 87-121 104 10 86 42 - - 11

Bb 113-160 131 - - - -

I.
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SOl! Binding Componlnt# Comments

Estitntef (ayerlg* in the c 208 !raction)

e 2a. Cay Salt5 cypeum

l£ectrtic ApprOx-

cocnd tL" ImLte

Ity zmbo/cm %

36 4- 0.28 0.1 Highly gravelly sol6.

56 1h.A 22.2 1.39 13.1 SpArse veget&tion, gras, bushGO.

3b 6. 7.0 0.44 4.8

36 6. requently appear in patches, poCkeQt-

4.4 0.28 -

6.0 0.38 o.6

4.t 0.29 5.4

.16.6 1. 03 0.1

- 10.8 0.88 12.1

26.4 i.69 7.2

6.9 0.37 -

100 - 0.4 0.03 0 Poor cohesion of the gol and

100 0.3 0.02 0

Good water percolation.

100 0.3 0.02 0

~~~~~---------------------- ---------------------------------- Ifn@adbte

2.. 100..... .0.02 0 Higher content of fnes and better

2 100 0.8 0.02 0 cohesion where vegetatd (bushes).

3 100 0.2 0.01 0
1---------------------------------------------------------

--------------------------------------- 
-------

13.9 0.87 0.2 The $oil is highly variable In

gravel content, salinity 
and vegetation 

M

28.0 1.76 0.1 (graI. bubL)-

2 -11.2 
0.70 - The soi1 may contain pedogenstic 

C&C0 3

one Case of Bb. j
---------------------------------------------------------------------------------------

_ . .... ...... : ........ :...... : ..........................

oI

NT



Notes on Table E,2.1 (note number Is marked at the head of the appropriate column)

(1) There is no single principle which can guide an objective grading of desert
soils according to their dust content, Composition and distribution. Therefore, the
types of soils and surficial deposits are organized according to the following guide-
lines:

(a) The abundance of dust in the soil profile, maximal in loessial and
Takyr soils, and minimal in active sand dunes and coarse gravelly alluvium.

(b) The association of the soil (or deposit) with a particular type of land-
form.

(c) The age of the soil, within a given soil type. In most soils there is an
increase of fine fractions (including precipitated salts) with time.

A detailed description of the main soil types Is presented in chapter A.4.

(2) Most soils In deserts develop a surficial layer or crust rather rapidly. Such a
cover is different in composition and structure from the underlying layers or horizons;
often the surficial layer is more cohesive and may determine the degree of potential
of dust emission. Different ground covers are presented in table E.2.1, according to
their texture, composition and the percentage of areal coverage. The types of cover
are (see details In chapter C.4):

(a) Loose crust (dense and thin - 1-3 mm thick) on loessial soils, Takyr

soils and between large particles In gravelly soils.

(b) Salt and gypsum crusts on Solonchak soils in playas and sabkhas.

(c) Desert pavement, usually composed of flat lying gravel developed on
old gravelly deposits, with >40% gravel cover and an Interstitial looss crust.

(3) The thickness of the soil profiles and horizons Is most variable for many soils.
The range and average is not always based on a large number of observations or
measurements, The data include soils of different ages, degrees of development, and
aspects. Hence the range of data should be considered as well as the averages.

(4) The designation of soil horizons Is generalized as A, B, and C without further
subdivision. This Is so for the comparison of the general characteristics of the hor-
Izons and incorporation of data from sources additional to those collected in the
present study.

(5) The textural subdivision employed here is as follows: (a) Sand - 2.0-0.063
mm. (b) Silt - 0.063-0.002 mm. (c) Clay - <0.002mm. Dust iS defined as silt and clay
- <0.063 mm,

(6) The data represent as tes in the field. <2 mm includes fine earth, Ie. sand,
slit and clay. The remainder ib -. dfferentiated gravel.

(7) Several soil components affect soil consistency. Clay and salts (chlorides,
gypsum, carbonate) are prominent among these. Chlorides end gypsum are the ,4
characteristic precipitates In the soils here considered. In some other deserts, such
as the Mojave, carbonate predominates. Electrical conductivity represents the con-
tent of soluble salts, mostly NaCI; 16 mmho/cm equals approximately 1% of soluble
salts. The data presented hors are In percents of the fine earth fractions of the soil
or deposit. The quantitative effects of earth of the three components on their ob-
served combinations are not yet established.



3. Solonchak soils

These soils - very poorly developed - reflect the parent material in which they are
formed - fluvially derived play& and sabkha deposits. In the southern Arava Valley and
along the Gulf of Blat coast they are composed of sand, loamy-sand and sandy-loam;

30-70% sand, 10-20% silt and 1-10% clay. The clay/silt ratio is usually 0.6-1. The
amount of gravel is usually very low - <5%.

4. Reg soils

These are silt-loam to clay-loam gravelly soils. In young - Holocene - Reg soils the
fine earth is composed mostly (75-90%) of fractions coarser than 0.016mm; The dust frac-

tions is usually 15-40%. Older Reg soils, in areas where there is no appreciable contribu-
tion of eolian sand, are rather fine textured: silt - 30-60% and clay - 11-25%. 60-85%
sand in the soil is frequently encountered in areas adjacent to sandy terrains. The ratio of
clay/silt is usually 0-0.4.

5. Hammada soils

These are silt-loam to sandy-loam gravelly soils. The ratio between coarse silt and
fine silt+clay decreases with depth. Dust content in the fine earth is 40-60% and the
clay/silt ratio ranges between 0.1-0.8.

6. Lithosols and Serose us soils

Both soil types are very diversified in nature. Dust content in the fine earth is usually
60-80%; most of the remainder is fine sand.

No good correlation was found between the content of silt and clay (chapter C.1). The
most variable clay/silt ratios in different dust storms and rainfa)l events, as well as the

high variability in wetting events and the properties of the parent material are the main
causes for such a situation.

The composition and content of salts varies in the different soils. They are calcic
in the moderately arid and semi-arid environments and gypsic-salic in the desert terrains.
Following is a brief summary of the composition and content of salts in the soils of the
Negev and the Sinai (further details and analysis are presented in chapter C.3 and table

1. The least saline are the loessial soils - <0.1-0.7% gypsum. The salts are usually
concentrated at depth <30 cm.

2. Takyr soils are saline - 0.3-2% salts and 6-10% gypsum. In basins which are not
completely closed the soils are definitely less saline - 0.1-0.2% salts and gypsum.

3. Solonchak soils are highly saline, especially in the inner plays zones; 2-10% gyp-
sum and 0.5-8% salts are frequently encountered, but higher degree of salinity values were
observed in many instances.

4. Reg soils are also saline. In Holocene Reg soils Ahere is <10% gypsum and <2v%

salts. The higher values are encountered in the C horizon. In older Reg soils there is a high

concentration of gypsum -<20%. Salt content is usually <2%, but often there is a petrosslic t .
horizon at depth of 0.80-1.5 mn below the surface. 11ammada malls are similar in salinity to |

Reg soils.
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5. Lithosole and Sresern soils are usually saline - 0.1-15% gypsum and 0.1-1% salts.

6. The gypsurmaslt ratio is usually the highest in Reg soils - <10. In Takyr and

Solonchack soils the ratio ranps between 1:1 and 4:1. There Is some leaching and wash of salts

in gravelly soils whereas most of the gypsum is precipitated and is not leached away.

There is no eorrelation between the amounts of gypsum and other salts or between salinity
and dust content. The evolution of soils under extremely variable conditions is a major reason

for this situation (see chapter C.3).

The mineralogical composition of the particulate non-saline components of the dust

fraction is determined by the petrographic composition of the parent materials in the source
are. Much of the dust is of mixed sources and has undergone several or many cycles of weath-

ering, mobilisat'-n, transport and deposition. Hence, in many areas there is only a partial
effect of the comrosition of the local bedrock on the composition of dust. Most of the silt in

the Negev and the Sinai is composed of quarts, calcite, feldspar and dolomite. The clay frac-
tion is dominated by montmorillonite, with secondary amounts of kaolinite, illite and quarts

(see chapter C.2). Similar composition prevails over much of the Middle East - a region large-

ly effected by Saharan dust (see part B).

The effect of the local regional lithology is demonstrated by an area on the southern Rio
Grande Rift (*The Desert Project' area; Gile et al., 1981) in southern New Mexico. There, in a

region of wide exposures of acidic igneous rocks, there is a predominance of quarts, feldspar

and mica in the fine sand and silt fraction. Montmorillonite and kaolinite are abundant in the
clay fraction.

Only limited exposures show a definite compositional evidence of past environments, dif-
ferent from the present; for example, fossil kaolinitic Terra Rossa is found in certain areas of

the arid central Negev (see chapter E.1 for elaboration).

The Amounts Of Dust In Desert Soils And Deposits

The environmental factors that determine the amounts and nature of the dust in desert
soils and deposits are described in detaile in chapter E.I. Generally they are: 1. The nature and

proximity of the source areas; 2. Climate; 3. Location; 4. Topography; 5. Aspect; 6. Surface

roughness; 7. Vegetation; 8. Hydraulic characteristics of the material near the surface.

According to the amounts of dust Imported into an area, the quantities of settling dust and

surficial properties, one may grade the general terrain types and the soils with respect to their

dust content, from the richest to the poorest:

1. Loesslal terrains - composed mostly of eolian and reworked silt, clay and fine sand.
Such terrains are rich in dust due to a combination of their location with respect to the sources
of dust, the atmospheric circulation and the climate - moderately arid to semi-arid - that

lead to a high rate or dust settlement and a most efficient dust-trapping vegetation. Thick man-

ties of dust-rich deposits are typical to these terrains.

2. Playa centers - areas where dust-sized materials accumulate through fluvial wash,

differential transport and sorting. Takyr soils, which are composed mostly of silt and clay
are derived from these deposits; eolian dust is added to the surface especially during periods of

episodic ponding or wetting. I
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8. Gravelly terrains serve as eficient traps for dust due to their high surficial roughnes
and parolty. Reg polls are solls with variable amounts of dust; the most developed are soils
on Pleistocene coarse-alluvial surfaces . These usually Include rather thick (8-30cm) gravel

free A,-B horisone. The C horison Is a grave!-rich layer with variable amounts of dust-sized

fractions. Old Eammada soils are of similar nature. In certain cases the rate of dust accu-

mulation may be especially high. An example is the liammada soils on highly porous lava

flows in the Cima Volcanic Field in the southern Mojave Desert, located downwind of extensive
dust-producing playa surfaces. More than 1 m of a gravel-free B horison has been developed

during a period of less than 20,000 years (%lls et al., 1984).

4. Stable sandy terrains are good traps for settling dust. Sandy-loam and loam texture

develop on such surfaces.

5. Other terrain types, such as hillglopes with Lithosols on them, carry varying

amounts of dust.

Table E.2.1 and figures C1.LI and C.1.17 should be consulted for further information.

The Thickness Of The Dust-Rich Surfleal Mantle

Since most of the dust in desert soils and surficial deposits was derived from the atmo-

sphere, and was emplaced by pedogenic processes, there is a general tendency of high dust con.

ceitration to be near the surface and a lowering of the dust content with depth. However, there

are terrains in which the accumulation of dust is continuous and the thickness of the dust-rich

layer is considerable. Such are the cases of loessial terrains and Takyr soils, which may

reach thickness of many meters of continuous silt and clay deposits and paleosols. In sand

dune terrains there is sometimes a situation in which colian sand and dust are added in low

rates to a stabilised sand surface. The result is usually a thick layer of sandy-loam or loam. in

Solonchak soils, being soils of poor pedogenic development in playas and sabkhas, there is

also a significant element of accumulation. Under the rather shallow soils that are often en-

countered, similar such paleosols may be buried. The thickness data that are presented in

column 4-5 of table E.2.1 for the above mentioned soils represent only the characteristic soil

profile exposed at the surface in the Negev and the Sinai. Buried deposits and paleosols of

similar nature should be considered.

Soils and deposits of non-cumulic nature present thickness according to their environmen -
tal conditions, such as climate - past and present, parent material, location and topography.

As a general rule, the more arid the environment, the more shallow is the soil. In sites under
extremly arid climates and/or of flat topography or in the upper parts of hillelopes, there is a

low concentration of water aud the penetration of dust and salts is rather shallow. Holocene

Rag soils and young H1arnmada soils in the Negev and the Sinai are rather shallow -

<50cm - since they have developed under arid to extremely arid conditions on flat to gently

sloping geomorphic surfaces. Old (late most Tertiary to late Pleistocene) gravelly soils

on such surfaces are thicker and often attain depths of 140cm. Such soils have been during a

part of their evolution under a moderately arid or a slightly wetter climate; the penetration of

water, dust and salts has been deeper. Colluvial soils on foot-slopes and toeslopes may
also be thicker than the soils on the upper parts of the hillslopes, due to both cumulic nature
and the concentration of water from the backslope areas (Dan, 1980; Arsi, 1981).

Kl
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On The Va-Iabhilty In The Amounts And Composition Of Dust In Desert Solils

The data in Table E.2.1 present a rather high degree of variability in dust and malts con-

tent, composition and thickness. The variability is reflected In four levels: (a) Between soil

types. (b) Wuti,:,u a given soil type. (c) Between soil horisons in a given soil type. (d) In any

particular @oil horlion in a given soil type.

Several topics are of interest In this respect: (a) The thickness of the soil profiles and soil

horisons. (b) The proportion between gravel and fine earth materials (sand, silt and clay). (c)

The content of dust (silt and clay) within the fine earth. (d) The content, composition and

distribution of salt and gypsum in the soil.

There are many factors which cause the observed degrees of variability in the soil charac-

teristics. These factors are discussed below; they have to be evaluated in conjunction with the

data of Table E.2.1 (see elaboration in chapter E.1):

(a) Local parent material strongly affects soil nature in deserts. Two main soil groups

may be defined: (!) Gravelly soils which develop in-situ within weathered hard rocks (iamma-
da soils) and coarse gravelly deposits (Beg soils). (2) Non-gravelly soils which develop on fine

grained deposits (loessial soils, Takyr soils, sandy soils) and fine grained friable rocks

(Lithosols). Porosity, permeability and trap efficiency are greatly affected by the texture and

structure of th- parent material.

(b) Introduction of added - secondary - materialmi dust, sand and salts.

Addition of autigenic materials into receptive parent materials .r a trapping surface is dom-
inant in the evolution of desert soil.. Three aspects are significant in causing a high degree or
variability in the nature of desert soils: (1) The composition of the introduced materials. One

example is the change in the texture of loessial soils - sandy proximal to the provenance of

sand (as in the westrern Negev; g in fig C.1.A) and loamy, silty or clayey distal (and

downwind) to sources of sand (c, d in fig. C.I.1A). (2) Mode and rate of introduction. This is

affected by the porosity and permeability of the receptive parent materials and by the method

of introduction - wet (by rain or wash) or dry (from windborne dust). The amounts and com-

position of the introduced materials vary greatly due to changes in the proportional activity

of different processes. Widely open textured sieve deposits ai.sorb dust in dry and wet modes to

great depthm, whereas coarse alluvium with sand is less penetrable. Dust accretion in gravelly

environments in deserts is usually subsurface, whereas high rates of surficial accumulation are
typical to loessial terrains in less arid environments and plays surfaces.

(e) The effects of location and topography. As in parent material, local changes in
microtopography are most frequent in desert terrains. Their effects on the local hydrologic re-

gime and trap eliciency for dust and salts are pronounced. They lead to high variability in

dust and salt content and composition. One example of the variation is the dust content and

salinity of Reg soils developed on coarse gravelly bars versus finer grained swales. The effects A

of such initial local features are observed in soils several 103 to few 10 years of age.

The effects of the aspect are readily observed in some soil types. Among those are the

loessial soils, Serosem soils and Lithosols. The variation between differently exposed soils is

expressed in soil depth, thickness of soil horisons, particle sise distribution and salinity. An

example is the thin loessial Serosem soils on south-facing hillslopes versus thicker, less saline

loessial soils on north-facing hillslopes in the northern Negev; the difference dep-nds on both

moisture regimes and vegetative cover on the respective hillslopes.
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Some systematic variations in soil properties am found on certain landforms; sonation
and catenary changes am observed. For example, there is a systematic variation in salinity in
Reg soils on talus slopes from the upper to the lower slope components (table C.3.1). In playas
there is a definite sonation with respect to particle sise and salinity from the margins towards

the center (plate 3B" figures C.1.3, C.3.3).

A major factor may be the proximity of a site to a certain source area for introduced ma-

terials - sand fields, sandstones, salt Sats, etc.

(d) Climatic regimes and their changes. The effect of climate on the soIl and deposits

in the aridic environment is illustrated by the proportion of dust and coarser materials in the
soils in the Negev (fig. C.1.1A,B). Loessial soils in the semi-arid northern Negev; Hammada

and Reg soils in the arid - extremely arid central and southern Negev. The proportion between
dust and gravel generally changes from the less arid northern Negev to the extremely arid
southern Negev and eastern Sinai.

Climate is well expressed in soil salinity. An example is the degree of salinity and its
distribution in loessial soils of the Negev (fig. C.3.1,2): the more arid the climate, the higher

the salinity and shallower is the saline horimon.

Most Holocene and older soils have developed under an ever-changing climate; they are po-
lygenetic in nature. Paleosols and paleosolic horizons are widesprrad and are certainly a ma-

jor source of soil variability. The loessial soils of the northweste. a Negev exhibit a sequence
of paloosols in their cummulative section. Fig. C.1.15 illustrates the effects of fluctuating cli-

mate while loess was accumulating. The different climatic regimes are reflected by the change

in soil texture as well as by the CaCO 3 content.

Most Reg soils on Pleistocene alluvial surfaces are relict paleosols, developed under fluc-
tuating climatic regimes. Many of these soils have undergone environmental changes which

include climates wetter than at present. The effects of these wetter regimes is expressed in both
the thickness of the soil profiles (<1.4 m) and the relative abundance of fines.

(e) Age - the effect of time. The rate of evolution of some soil properties changes and
usually decreases with time (Yaalon, 1971; Birkeland, 1974). Among the properties here exam-

ined are relative amounts of dust and salts in the fine earth fractions of the soil. Figures C.1.5,8
and C.3.6 illustrate several general trends for the example of Reg soils: (1) There is a general
decrease in the percent of dust after several 10

3 years. (2) There is a very high variability in the

content of dust in soil on any given pedomorphic surface. (3) There is a general Increase In the
rate after several 103 years. (4) There is a very high variability in the content of salts in the

soil on any pedrmorphic surface.

i1
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Rates Of Dust Accretion In Desrts - The Case Study Of The Negev

The rates of dust accretion in desert terrains is most variable. These rates depend on

several factors:

1. The flux rate of airborne dust into the area under consideration. The flux rate is related
to the type, proximity and direction of the source areas, as well as to the atmospheric circula-

tion and wind speed and direction.

2. The nature of the airborne dust - particle sue, composition and hygroscopy.

3. Climate - the regime of precipitation, air temperature, air humidity and winds.

4. The relief, gradient and aspect of the terrain.

5. The roughness of the surface, whi. fect. duet settlement by determining boundary

wind velocity (Gillette, 1981), rate of runoff and slopewash and surficial trapping of dust.

6. The hydraulic characteristlcs of the surficial material - porosity, pore sie, pore rela-

tionships and permeability. Fluvial gravel and sieve deposits are example of highly porous and
permeable materials.

The quantitative nature of some of these factors is not yet recognised and the effects of

their combinations and interrelationships are not known. However, we have attempted to esti-
mate the long term amounts of dust trapped at or near the surface and calculate the rates of

dust accretion for two types of environments - desert soils and archeological sites.

Dust accretion is dependent on trap efficiency. Trap efficiency is defined here as the ratio

betveen the flux rate of settling dust and the rate of dust accretion. The latter is defined as the

loi.g-term rate of deposition of dust at a particular site. Some sites have smooth surfaces as

well as low porosity and permeability; their trap efficiency is rather low. Other sites may have

ruugh surfaces, low gradients or high porosity; their trap efficiency is high. There are terrains,
such as loessial plains, in which dust is deposited mainly at the surface. Other terrains are

characterised mostly by subsurfame accretion; dust penetrates and builds subsurface cumulic

horisons. Reg and Hlammada soils are examples of this latter type.

In some cases there is a decrease of trap efficlency with time. Several factors !ead to such a

development:

1. A decrease of surficial roughness, which leads to a significant reduction of dust settle-
ment and accretion. Surficial roughness may decrease through the deterioration of the vegeta.

tion (due to desertification), by filling of depressions by dust or by mechanical weathering of

coarse gravel and smoothing of the surface Into a desert pavement. The formation of smooth

crusts is characteristic to several types of desert surfaces (see chapter C.4). Lesser amounts or

dust are being added to smoother surfaces.

2. The accretion of dust and salts in shallow subsurface layers, as in the case of Reg soils,

leads to decreasing penetration of dust and increasing runoff and surficial wash. Well
developed Reg #oils, with a smooth desert pavement - gravel with Interstitial loese crust -- A

overlying an argillic gravel-free B horison, induce high runoff yield and wash, as compared to

less developed such soils (Crinbaum, in prep.)

The most rapid aecretion, then, occurs on surfaces of high roughness and porosity, such as
vegetated loessial terrains or young gravelly deposits. Most of the soils and the deposits

described In the present study are of unknown age. However, several tens of the studied

pedomorphic surfaces are dated or their age is estimated by archeologic finds or relative-age
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dating methods (Amit & GersoD, 1985). Some surfaces or soils were dated radiometrically. The

amounts of allochtonous dust and the age of the soil or the deposit enable us to present the
rates of dust accretion In some soils In the Negev:

1. Reg soils on early to middle Holocene alluvial surfaces contain 10-20% or added

airborne dust (see chapter C.1). Such a content implies average rate of accretion of 5-15

gr/m/yr, or 0.003-0.01mm/yr of dust. As emphasised above (and In chapter C.1) the rate of

dust penetration decreases with time. This is manifested even during periods of 5-103 years

(Amit & Gerson,1985). Dust accretion during the first period of several 103 years may be in the

order of 0.5 mm/yr.

2. Rag soils on alluvial surfaces of late Pleistocene and late middle Pleistocene

age contain variable amounts of dust, most of which is allochtonous. The content of added

dust is 20-40%. Adopting an age estimate of 50-200103 years for those soils yields an average
of dust accretion of 1.5-15gr/m 2 /yr, or 0.001-0.01 mm/yr. Again, much of dust was added to

the soil in early stages of evolution, so that the actual rates may have been much higher.

3. Stabillsed sand dunes, originally devoid of silt and clay, have trapped some 5-10% of

dust to a depth of 30-50cm during the last several 103 years, an average rate of 0.001 mm/yr.

4. Thick mantles of loess and loeesial soils have developed in the northern and

northwestern Negev during the middle and late Quaternary. There are three areas for which

there is some information on the estimate of the rate of loes deposition: a. Netivot, which

represents a vast area of the northwestern Negev . Data on loess thickness and age by Bruins

(1978) yield average rates o' 0.1mm/yr or lS0gr/m 2 /yr of dust accretion. b. In the Ramat

Hovav area, some 15 km south of Be'er Sheva, there are eolian loessial deposits that have accu-
mulated at average rates of 0.1mm/yr (or 10gr/m 2/yr; Ensel, 1983) - similar to the rates

calculated for the Netivot section (a, above). In these loessial terrains one observes several cal.

cic horisons and changes in clay content, which may point at significant fluctuation in the rate
of dust accretion during the late Quaternary. Climatic chan#. s are also implied (see chapter

E.I: On the Inpact of Climatic Fluctuations on Aridic Soils), c. More diffcult is the evaluation
of the average rates of dust deposition in some closed or 'semi-closed" basins in the Negev, in

which the loess was deposited by both fRuvial and eolian agents. The dating of the deposits is

also controvertirl. One example is the basin of Sde Zin, in the northern central Negev. There,
5-10 m of fluviatile loess and loessial paleosols have accumulated during an estimated duration

of several 106 years. Average net rates of loess deposition is estimated at 0.01-0.02mm/yr (or

15-30 gr/m 2 /yr). It is possible that much of the section has been removed by erosion and defla-

tion, especially during periods of arid climatic regimes.

The highest rates of dust depostion were calculated for archeological sites in the Negev,

in which man-made structures - buildings and courtyards - serve as long-term dust traps.

Such features usually have walls on all sides and an roofless. Originally they were unroofed or

the roofs have collapsed a short time after abandonment. The walls are usually 1-1.5m high.

Most of the buildings have a wall height:dlameter (=horisontal extension) ratio of 1:3-.1;5; 4

they present a very high surfliclal roughness and serve as most efficient eo:ian dust traps. NYC

have examined some twenty archeological sites across the Negev, from Tel Arad in the

northeast to Biq'at Uvda in the south. The sites date from the 5th millenium B.P. (Early
Bronse Age) to the 2nd millenlum B.P.(Early Arabic Period). The buildings in all these sites

are usually filled with dust and collapse stones up to 20-50 cm Ielow the top of the wall rem-

mants (plate 10). The ratio of dust: stones is variable - 1:1-4:1. Most of the buildings were
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filled to capacity during a rather short period after abandonment, destruction or unroofing. At

the early stages, when the building is deep (and especially if it is narrow), the accretion of dust

is rapid since most of the settling dust remains in the building. The trap efficiecy decreases

with time due to diminishing roughness; more and more of the arriving dust passes by. An

equation that may be applied to this general trend should take into consideration (a) the initial

depth of the structure, (b) the regime of airbornedust deposition (which includes the dust flux

and the wind characteristics), (c) the shortening of the receptacle walls due to ongoing col-

lapse, and (d) the time elapsing cince the initiation of fill. Dt=D,(-e -1/c) is such an equation,

where D, is the depth of accumulation at a point in time t, D0 is the initial depth of the build-

ing, t is the time that elapsed since the beginning of fill and c is a constant depending on the

regime of deposition. Most buildings were filled up during a period of 1,000-2,000 years. Dur-

ing this period some 20 50 cm of dust have accumulated. The average rate of accretion is

0.1-0.5 mm/yr (or 150-750 gr/m 2/yr). Based on the above considerations some 0.5-2.0 mm/yr

is a reasonable estimate for the early stages of accretion , whereas after 1,000-1,500 years the

rates of addition are very low. At a stage when the walls are 20-50 cm above the surface there

is usually no accretion of eolian dust.

Presenlt-day dust ral in the Negev and the Sinai ranges between 100 and 200 gr/m 2/yr

(Ganor, 1975), or 0.06-0.15mm/yr (see chapter B.7). These amounts are within the range of dust

accretion calrulated for highly efficient dust traps of the past - late Pleistocene loessial ter-

rains in the northwestern Negev and archeological sites. Most of the dust that falls on other

types of terrains is not trapped; it resumes eolian transport or is washed by runoff. Only in

cases of very large flux rate of dust onto areas of extremly high porosity there is a rapid rate of

subsurface (lust accretion. One example is the Cima Volcanic Field in the southern Mojave
Desert (Wells et al., 1984). The area is located downwind of playas and dried lakes which served

as major sources of dlst to adjacent sites. There, thick lHammada soils have developed; a 1.Om

thick gravel-free dust layes underlying a desert pavement, has developed during a period of

16.6-19110. years, indicating an average rate of dust accretion of 92gr/m 2/yr.

Stimmary -- Rates Of Accretion

1. The rates of eolian dust accretion in the semi-arid northern Negev during the late Quater-

nary were similar to the present-day dustfall in this area - 0.5-0.15mm/yr.

2. The accretion of dust in most desert gravelly soils is usually a portion of the dustfall.

Averages of 0.003-0.01 during the Hlolocene and 0.001-0.01 during the middle and late

Pleistcene were calculated.

3. Trap efficiency for dust in gravelly soils decreases rapidly with time, due to the sealing ef-

fect at the surface and plugging of the pores in the soil profile by dust.

4. There are indicators that the flux rates of eolian dust have fluctuated greatly during the

Qunaternary: a. Loessial poleosols change significantly in nature in cumulative uninterrupted

sections. b. In many areas there has been an extensive deposition of loess during the late Pleis-

tocene whereas the Ilolocene (late Holocene ?) was a period of net degradation. c. There is

evidence that at the thick (> 1.0m) Reg soils on Pleistocene alluvial surfaces have developed

during a rather short period of time of several I04 years. Most of the dust and salts in these

argillic and saline soils may have been added during periods of large import of airborne ma-

terials.
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PART G. APPENDICES

G.1 METHODS

Introduction

Some 200 soil profiles and depositional sections were described, sampled and analysed.

Most of the soil profiles and the depositional sections were described, sampled and analysed by

the authors. Some soil profiles, in the northern Negev, the Judean Desert and the Jordan Valley

were treated by other workers (see references in Part F and table G.3.2). Fig. A.1 serves as a

location map for the profiles from which the various data were derived.

Field Methods

Description of the soil profiles and the depositional sections was carried out according to

Dan et a1.(1964), Birkeland (1974) and Soil Survey Staff (1975). Abbreviated and simplified
descriptions of selected profiles are presented in Appendix G.2. Most of the soil pits were hand-

dug, some were dug by back hoe and other sections were found along road cuts and stream

banks.

Every soil horison and layer of deposit was described. The content of the fine earth and

the amounts of gravel were noted in the field. Samples of 400--800 gr were collected for labora-

tory analysis.

Laboratory Aiuslysis

The analysis of the samplcs was conducted along two lines:

1. Particle Rise. Dry sieving was employed for the separation of gravel from the finer

fraction (<2mm). Wet sieving was employed for the separation of gravel and dust from the
sand and the fractionation of the latter. The pipette mr.thod was used for the silt-clay frac-

tion. I intervals were determined. Calgon {Na 4 OP 2 ) was used for dispersion.

2. Salinity and salt composition. Electrical cnductivity was carried out on water ex-

tract of the 1:1 soil~water samples of the fine earth fraction. The content of gypsum was deter-

mined using SchLleiff's (1979) methods, using the change of ilectrical conductivity in samples of

fine earth having different soil:water ratios. Cl was determined by a chloridometer and an lOP
(induced coupled plasma) apparatus. The content of Na*, K*, Ca++, and Mg+*- in the soluble
salts was determined by atomic absorption spectrophotonetry.

Data Organisatlon and Analysis

The information on every sample was rated according to the following groups of data-

1. Geographical data, such as coordinates, location.

A
2. Climatic data, such as mean annual precipitation.

3. Physiographic definition, such as landform type and relief.

4. Soil type and age.

5. Size fractions - gravel, sand, silt, clay, silt/clay ratio.

I I4t



8. Salt content and ration: soluble salts, gypsum, salt/gypsum ratio.

7. Composition of soluble salts - C1-, Na', K+, Ca++ , Mg+.

The data were processed and analysed statistically, employing BMDP and SPSS computer

programs for documentation, correlation and multivariate examination.

G 2 H
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G.3 SELECJTED SOILS AND DEPOSITS - DESCRIPTIONS

I Loessal Soil Northwestern Negev - Netlvot

depth,cm

A 0- s0 Silty clay loam; fine crumb to slightly massive structure;
1% carbonate nodules; yellowish brown 10YRS/4 dry,
9YR4/4 dry; gradual and smooth boundary.

AB 30- 60 Silt loam; massive to subangular blocky structure; 1% car-
bonate nodules; light yellowish brown 10YRO/4 dry, yel-
lowish brown 10YR5/4 wet; abrupt, smooth boundary

Bbas  a- as Silty clay; medium prismatic etructure; 7% carbonate no-
dules; dark brown to brown, 7.5YR4.5/4 dry, 7.5YR4/4 wet;
gradual and wavy boundary.

Bbas 86-100 Silty clay; prismatic to brittle angular blocky structure;
5-20% carbonate nodules; brown 7.5YR5/4 dry, brown to
dark brown 7.5YR4/4 wet; gradual and wavy boundary.

2 Loessial Soil Western Negev

depth,c m

A 0- 40 Fine loamy sand; massive structure; friable; light yellowi.h
brown 1OYR8/4 dry, dark yellowish brown IOYR4/4 wet;

gradual boundary.

1 40- 77 Fine loamy sand to loam; some carbonate mycelia; fine
subangular blocky structure; friable to hard; light yellow-
ish brown 1OYR6/4 dry, yellowish brown IOYR5/4 wet; gra-
dual boundary.

B 77-112 Similar to above layer; masive to unstable subangular
structure; gradual boundary.

Bb 112-130 Similar to above layer; loam with some carbonate concre-
tions; abrupt boundary.

Bb 130-168 Silt loam to silty clay loam; some carbonate concretions
(5%) 1 cm in diameter; medium subangular blocky struc-
ture; hard; yellowish brown 10YRS/4 dry, dark yellowish
brown l0YR4/4 wet; gradual boundary.

Bb 168-180 Loam; some carbonate concretions 1 cm in diameter;
massive structure; hard; yellowish brown 10YRS/4 dry,
dark yellowish brown 10YR4/4 wet; abrupt boundary. 4

Bb 180-210 Loam to sandy clay loam; hard and soft carbonate concrc-
tions (-25%) 5-10 cm in diameter; massive structure; hard;
some -oots; light yellowish brown 10YR8/4 dry, dark yel-
lowish brown 10YR4/4 wet.

G
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8 Loesslal soil Western Negev

depth,cin

A1 0- 28 Sandy loam; massive structure; crumby; yellowish brown

IOYR5/4 dry, dark yillowish brown JOYR4/4 wet; gradual
boundary.

A, 28- 70 Sandy loam; light yellowish brown IYRG/4 dry, yellowish
brown 10YR5/4 wet; gradual boundary.

CI 70- 97 Sandy loam; some carbonate concretions; yellowish brown
IOYR5/5 wet; gradual boundary.

C1 97-144 Sandy loam to loamy sand; carbonate concretions (-2%);
hard; abrupt boundary.

C1 144-160 Loamy sand; more carbonate concretions (-5%); abrupt
boundary.

C s  160-200 Sandy loam to loamy sand; carbonate concretions (-1%).

4 Western Negev4 Brown Loessial Soil

depth,cm

A 0 - 20 Silt loam; granular blocky to subangular blocky structure;
hard; hard; light yellowish brown to yellowish brown
10YR5.5/4 dry, dark yellowish brown IOYR4/4 wet;
gradual boundary.

A 20- 62 Loam - similar to above layer; massive to subangular
blocky structure; hard; abrupt boundary.

il 52-98 Fine loamy sand; soft carbonate concretions 0.5-1cm in di-
ameter; thin medium subangular blocky structure; light
yellowish brown IOYRO/4 dry, yellowish brown 1OYR5/4
wet; gradual boundary.

Ct 96-120 Similar to above layer; le:,s (5%) carbonate concretions;
massive to stubanguilar blocky structure; gradual boundary.

C2 120-150+ Similar to above layer with few carbonate concretions.

, Brown Loessial Soil Western Negev

depth,crm

A 0- 42 Silt loam; massive structure; contains carbonate; pale

brown IOYRO/3 dry, yellowish brown IOYR5/I wet; clear
abrupt boundary.

Deft 42- 78 Silt loam; many (20%) carbonate concretions; thin medium
subangular blocky structure; hard; light yellowish brown

1YRO/4 dry, yellowish brown 10YR5/4 wet; gradual boun.
dary.
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C 1  76-101 Similar to above layer; about 5% carbonate concretions;
gradual boundary.

B, 101-160 Loam; 10-15% carbonate concretions; prismatic crumb
structure; hard; 9YRS/6 dry, dark yellowish brown
10YR4/4 wet.

S Brown Loesslal Soll Western Negev

depth,cm

A 0- 44 Loam; massive structure, not sticky; hard; yellowish brown
1OYR5/4 dry, dark yellowish brown 1OYR4/4 wet; gradual
boundary.

B 1  44- 67 Similar to .bove layer; weak subangular blocky structure;
about 5% soft carbonate concretions 0.5-1cm in diameter;
gradual boundary.

6s7e 57- 88 Loam to clay loam; 10% - 15% soft carbonate concretions
0.6-1cm in diameter; hard; yellowish brown 1OYR5/4 dry,
dark yellowish brown 1OYR4/4 wet; gradual boundary.

Be 88-116 Silt loam; 5% soft carbonate concretions 0.5-1cm in diame-
ter; thin medium subangular blocky structure; light yel-
lowish brown 1OYR6/4 dry, yellowish brown to dark yel-
lowish brown IOYR4.5/4 wet; gradual boundary,

C 118-160 Similar to above layer; fine loamy sand; 2% carbonate con-
cretions; massive structure.

7 Light. Brown Loeslal Soil Western Negev

depth,cm

A 0- 28 Loamy sand; massive to loose; some hard carbonate no-
dules; light yellowish brown lOYR6/4 dry, dark yellowish
brown 1OYR4/4 wet; abrupt boundary.

Bs 28- 46 Loamy sand; petrocalcic horizon (70%); massive structure;
hard; pink 7.5YR7/4 dry, strong brown 7.5YR5/6 wet;
gradual boundary.

B 5 C& 45- 65 Similar to above layer without petrocalcic horixon; hard
carbonate nodules (-40%); hard; gradual boundary.

DC 45- 90 Sandy loam; hard carbonate nodules (-5%); massive struc-
tute; hard; light brown 7.5YR6/4 dry, strong browyi
7.5YRS/6 wet; gradual boundary.

44
0-130 Sand to sandy loam; hard carbonate nodules (1-3%); light

brown 7.5YRO/4 dry, strong brown ?.5YR5/0 wet; gradual
boundary.

C s  1:0-200 Sand; loose; pink 7.5YR7/4 dry, strong brown 7.5YR5/6
wet.
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8 Light Brown Loessial Soil Western Negev

depth,cm

A 0- s0 Loamy sand; hard; very pale brown 1OYRY/3 dry, yellowish
brown 1OYRS/5 wet; gradual boundary.

Bss sa- so Loamy sand; carbonate nodules (5-10%) some hard; hard;
light yellowish brown IOYRO/4 dry, yellowish brown
1OYRS/6 wet; gradual boundary.

Bas 80-118 Sandy loam; carbonate nodules (-20%) 30-20cm in diame-
ter; friable; wavy boundary.

C 118-210 Sand; massive structure; hard carbonate concretions
(10-20%); loose; very pale brown 1OYR7/4 dry, yellowish
brown tOYR6/e wet.

9 Light Brown Loessial Boil Northern Negev - Side Boker

depth,cm

A 0- 8 Clay loam; crumb structure; many roots; very pale brown
1OYR7/4 dry, light yellowish brown IOYRG/4 wet; gradual
boundary.

BI 8- 20 Clay; gypsum nodules; hard; very pale brown 1OYR7/4 dry,
light yellowish brown IOYRO/4 wet; gradual boundary.

B908 20- 40 Clay; gypsum nodules (15-20%); hard; very pale brown
1OYR7/4 dry, light yellowish brown 1OYRg/4 wet; gradual
boundary.

Ces 40- 65 Heavy clay with gravel; carbonate nodules (.35%); hard
blocky structure; very pale brown 10YR7/4 dry & wet.

10 Loesslal Serosem Western Negev

depth,cm

A 0- 12 Fine loamy sand; contains carbonates; massive structure;
slightly hard; very pale brown 1OYR7/3 dry, light yellowish
brown IOYRS/4 wet; abrupt boundary.

B1 es 12- 88 Loam; carbonate nodules (-25%); Subangular blocky to
blocky structure; hard; light yellowish brown IOYRO/4 dry,
yellowish brown 10'Y R5/6 wet; gradual boundary.

BSO& 88- 61 Slit loam; carbonate nodules (.25%), with gypsum or salt
vertical mycelia; blocky structure; hard; light yellowish
brown 1OYRO/4 dry, yellowish brown 1OYR5/4 wet; gradual
boundary.

BIOG 61- 91 Similar to above layer with many salt and gypsum mycelia;
blocky structure; gradual boundary.

BbSe.sa 91-141 Slit loam to clay loam; blocky structure; yellowish brown
IOYR5/4 dry, dark yellowish brown 1OYR4/4 wet; gradual
boundary.
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BBIG,.0a 141-191 Similar to above layer; blocky to prismatic structure;
continues to a great depth.

11 Loessial Serosern Soil Northern Negev - Sd. Baker

depth,cm

A 0- 17 Clay loam with about 10% pebbles 1-3cm in diameter;
crumb structure; friable; many roots; very pale brown
1OYR7/4 dry, light yellowish brown 1OYRO/4 wet; gradual
boundary.

B3  17- 40 Clay loam to silty clay loam, with about 10% pebbles
3-4cm in diameter; subangular blocky to hard blocky
structure; carbonate pseudomycelia; fine roots; very pale
brown 1OYR7/4 dry & wet.

B, 40- 60 Silty clay loam with about 10 % pebbles 1-3cm in diameter;
carbonate nodules (5%); subangular blocky to blocky struc-
ture; very pale brown 1OYR7/4 dry & wet.

Bsos so- 7 Silty clay loam with few cobbles 20-30cm in diameter;
carbonate nodules (3-5%) 5mm in diameter and few gypsum
crystals; subangular blocky to blocky structure; friable;
very pale brown IOYR7/4 dry & wet.

Blzea, 78-100 Silty clay loam with 5-10% pebbles 1-3cm in diameter;
carbonate nodules (5%) 10-15tam in diameter and gypsum
crystals (.5%); blocky structure; pale brown IOYRO/3 dry &
wet.

12 Loessial Serasem Soil Northen Negev - Sde Boker

depth,cm

A 0- 12 Clay loam; loose; few roots; very pale brown 1OYR7/4 dry,
light yellowish brown 1OYR6/4 wet; gradual boundary.

B1  12- 25 Clay loam with few pebbles 1-3cm in diameter; carbonate
pseudomycella and carbonate nodules 2-3cm in diameter;
subangular blocky to massive structure; friable; very pale
brown 10YR7/4 dry, light yellowish brown 1OYRO/4 wet;
gradual boundary.

B8 26- 46 Clay !oam with few pebbles max. 5cm in diameter; about
3% carbonate nodules 6mm in diameter and about 3% gyp-
num nodules; subangular blocky tc blocky stiucture; hard;
light yellowish brown IOYRO/4 dry, yellowish brown
lOYR5/4 wet; gradual boundary.

Bs11, 4i 46- 06 Clay loam with about 25% gravel 2-8cm in diameter; few
carbonate nodules and gypsum mycelia 6ms in diameter;
subangular blocky structure; friable; very pale brown
IOYR7/4 dry, light yellowish brown 1OYR6/4 wet; gradual
boundary.
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BeOs 065-ts0 Clay loam with about 15% gravel max. gcm in diameter;
10-40% carbonate hodules 5-3 omm in diameter, some gyp-
sum mycelia; blocky structure; friable; very pale brown
1OYR7/4 dry, light yellowish brown 10YRS/4 wet; wavy
gradual boundary.

It Loesslal Serosem Soll Northen Negev - Sde Boker

depth,cm

A 0- 22 Loam; strong, medium to fine subangular blocky structure;
very pale brown 1OYR7/3 dry, light yellowish-brown
1OYRS/4 wet; clear boundary.

Eli s  22- 85 Similar to above layer with many white mottles (Imm) of
crystalline salt and gypsum; clear boundary.

Blaf 86- 70 Silty clay loam with 50 % white lime nodules (2cm), mostly
elongated vertically; medium blocky to prismatic struc-
ture; very hard; brown 7.5YR4.5/6 dry, dark brown
7.5YR4/4 wet; clear to gradual boundary.

B8  70- 82 Silty clay loam with few white lime flecks and small black
mottles; medium blocky parting into strong fine blocky
structure; strong brown 7.5YR5/5 dry & wet; clear to gra-
dual boundary.

C, 82-182 Silty clay loam with few sand and gypsum crystals;
massive to weak subangular blocky structure; hard; light
yellowish brown lOYRO/4 dry, yellowish brown IOYRS/4
wet; smooth clear boundary.

1B 82-166 Loam to clay loam with 6O% lime fRocks and many gypsum
crystals, mostly it thick mycelia; moderate fine blocky to
subangular blocky structure; very hard; reddish yellow to
yellowish brown SYR5/6 dry & wet; the same layer contin-
ues to greater depths.

14 Loesslal Serosern Soil Judean Desert - RuJm a Naqua
depth,cm

A O  Cover of some stones ane lot of gravel.

A 0- is Celcareous loam; massive; slightly hard; light yellowish

brown IOYRO.5/4 dry, yellowish brown 10YR5/0 wet; clear
boundary.

BIG& IS- 40 Calcareous silt loam with 20% soft carbonate nodules (1
cm); moderate fine subangular blocky structure; harde;
light yellowish brown 1OYR6/4 dry, yellowish brown
1OYRS/4 wet; gradual boundary.

BUG 40- 08 Silty clay loam with 30-40% soft lime nodules (1 cm);
strong subangular blocky structure; hard; brown 7.5YR5/4 5
dry, 7.5YR4.5/4 wet; gradual boundary.
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B2 W-107 Calcareous silty clay loam with 20% soft lime nodules (1
cm); strong medium to in* subangular blocky structure;
hard; light brown 7.5YRO/4 dry, brown 7.5YR5/4 wet; gra-
dual boundary.

Do. 107-150 Calcareous silty clay loam with 10% soft lime nodules and
some clusters of gypsum crystals; moderate medium to fine
subangular blocky structure; hard; brown 7.SYR7/4 dry &
wet; gradual boundary.

Bba*  16o-0ic Calcareous silty clay loam with very few (2%) soft lime no-
dules and many mycelia and clusters of crystattine gyp-
sum; weak; medium to fine subangular blocky structure;
slightly hard; brown 7.$YRS/4 dry & wet.

16 Loess - Arehaeoloileal Site Central Negev - Makhtesh Rarmon

depth,cm

0- t0 Shattered grit with silt (15-30%) and pebbles (max. 6cm);
light yellowish brown to brownish yellow IOYRO/4-6 dry,
yellowish brown IOYR5/S wet.

10- 80 lilt(605) ith stad and grit; some pebbles; brownish yellow lOYRI/6
dry, yellowish brown 10lOS/O wet.

S0- 6 Boulders (maw. 80-40cm); some ebattered; boulders coated with salts;
brownish yellow 1OYR/I dry, dark yellowish brown 10YR4/
wet.

65- 0 lilt with shattered pebbles; brownish yellow lOYRG/6 dry, yel-
lowish brown 10YRS/0 wet.

G0- 76 l1t and grit; small nodules of gypsum and salt; pale yellow
2.5YRS/4 dry, olive yellow 2.5YRO/O wet.

76- 85 silt with small pebbles (1 cm) and some sand; very pale brown
1OYR7/4 dry, yellowish brown 10YRS/8 wet.

The profile contains 80s% fine earth, down to 60cm it contains 60% fine earth.

16 Loess - Archaeological Site Southern Negev - Uvda Valley

depth,cm

0- G Silt with line sand, without stones, yellow IOYR7/6 dry,
brownish yellow 10YRO/0 wet.

I- 1 Similar to above layer.

15- 20 Silty layer; yellow 1OYR7/6 dry, yellowish brown 1OYR5/6
wet.

20- 40 Silt with fine sand,
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17 Takyr Boil Southern Negev - ShaLrut Valley

Depth, cm

A1  0- 80 Silt; massive to flaky structure; yellow l0YR7/6 dry,
brownish yellow 1OYRO/S wet.

C 1  80- 40 Silt; fiaky structure; porous.

Cs 40- 43 Silt; flaky structure; reddish yellow 7.5YR7/6 dry, reddish
yellow 7.5YR6/6 wet.

C' 43- 45 Silty crust; hard; light color.

Cs  46- 48 Silt; flaky structure; porous; dark color.

Cs 48- 50 Silt crust; hard.

Ce 60- 70 Silt; yellow 10YR7/6 dry, brownish yellow 10YRO/8 wet.

Carbonate flecks throughout the profile.

19 Takyr Soil Southern Negev - Qa En Naqb

depth,cm

A, 0-0.8 Light silty crust; cohesive; laminar structure.

A1  0.3- 12 Fines; crumb structure; salt and gypsum nodules.

Cea,.a 12- 50 Fines; friable and loose; salt and gypsum nodules.

Ces,.6 so- 80+ Fines; gypsum nodules.

The color of the profile: brownish yellow 10YRO/8 dry, red-
dish yellow to strong brown 7.5YRO-5/6 wet. The profile is
100% fine earth.

12 Takyr Soil Southern Negev - Qa En Naqb

depth,cm

At 0- 6 Silty clay crust; massive with some pores in the lower part;
extremely hard; pink 7.5YR7/4 dry, strong brown
7.5YR4.5/6 moist; abrupt boundary.

As 6- 10 Similar to above layer, with massive to platy structure;
hard; abrupt boundary.

Bsc,,a 10- 20 Saline silty clay with small white mottles of gypsum;
subangular blocky structure; slightly hard; light brown
7.5YRO/4 dry, strong brown 7.SYR4/6 moist; gradual bour-
dary.

B s  20- 26 Similar to above layer, less gypsiferous; gradual boundary.

C 26- 60 Similar to above layer; coarser textured, especially down Io
40cm.



20 Takyr Soll Eastern Sinai - Wadi Mukelblia

depth,cm

A, 0- 4 Fines; laminar structure; cracked surface.

CI 4- 14 Silty clay; without stones or salt.

C2 14- 60 Similar to the above horizon.

21 Solonchak Soil Eastern Samarian Desert - Ma'ale Efralm

depth,cm

A 0  Some gravel and stones are seen on the surface.

A, 0- 13 Calcareous clasy loam to silty clay loam; weak fine
subangular blocky to granular structure; soft; light brown
7.5YR0/4 dry, brown to dark brown 7.5YR4/4 wet; gradual
boundary.

A 3  13- 30 Calcareous clay loam to silty clay loam; moderate, medium
to fine subangular blocky structure; loose; brown 7.SYR5/4
dry, brown to dark brown 7.5YR4/4 wet; smooth, clear
boundary.

112 30- 80 Calcareous silty clay with few lime spots; very coarse
columnar structure; extremely hard; brown 7.5YR5/4 dry,
brown to dark brown 7.5YR4/4 wet; gradual boundary.

132 60-100 Calcareous silty clay with soft lime flecks that increase gra-
dually with depth; medium prismatic to blocky structure;
extremely hard; brown to reddish brown OYR4/4 dry and
moist; indistinct boundary.

B5e& 100-120 Similar silty clay with many soft lime flecks (20%); reddish
brown 5YR4/4 dry and wet.

22 Solonchak Soil Dead Sea - Ein Tamar

depth,cm

0- 2 Saline crust with many large gypsum crystals; massive;
hard; underneath the crust many large salt crystals; light
grey 1OYR7/2 dry, pale brown I0YR8/3 wet; abrupt boun-
dary.

2- 14 Fine sand loam with many gypsum crystals (0.5 cm) and
with a grey silt loam layer with rusty motles (30%) at depth
of 9-12cm; yellowish brown 10YRS/4 wet; clear boundary.

14- 33 Silt loam with 10-15% large rusty mottles (1 cm) and a few
large gypsum crystals; massive; hard; pale yellow 5YR7/3
dry, light browninsh grey 2.5YRS/2 wet; gradual boundary.

S0- 74 Silty clay loam wuth a few large gypsum crystal; massive;
hard; white 2.5YR8/2 dry, light brownish grey to light yel-
lowish brown 2.5YR6/3 wet; clear boundary.
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74-110 Silty clay loam with a few rusLy motled, a few gypsum cry-

stals and 5-5 thin (2.5mm) black layers; masive; very hard;
white 2.5YRg/2 dry,light brownish grey to light grey

2.5YR6.5/2 wet; clear boundary.

110-130 Silty clay loam; hard; white 2.SYR8/2 dry, light grey
2.5YR7/2 wet; gradual boundary.

180-160 Similar to above layer with a few rusty mottles (0.5-1cm);
indistinct boundary.

160-210 Similar to above layer, but with silt loam texture and fewer
rusty mottles.

28 Solonchak Soil Southern Arava - Avrona Play&

depth,cm

A, Friable sandy crust with some gravel.

0- 8 Salt with some sand; slightly hard; wavy layer; strong
brown 7.5YRS/6 wet.

8- 10 Sand and silt; massive; some salt crystals.

10- 12 Silt and clay; very hard; discontinuous layer; laminar
structure; reddish yellow 7.SYR7/6 dry, brown to strong
brown 7.SYR5/4-6 wet; wavy boundary.

12- 20 Sand and silt; salt crystals; very hard; redish yellow
7.5YR7/6 dry, brown to strong brown 7.5YR5/4-6 wet, clear
wavy boundary.

22- 80 Similar to layer 12-20.

30- 46 Sand and silt with some thin laminae of small pebbles and
granules (average 0.5cm, max. 1.5cm in diameter); gypsum
crystals in large quantity; yellowish res 5YR5/8 wet.

46- 60 Sand with some silt and granules; salt crystals.

60- 8o Sand with some silt and granules; salt; crystals; massive;

brown to strong brown 7.5YR5/4-6 wet.

24 Solonchak Soil Eastern Sinai - Bir Sweir

depth,cm

A 0- 2 Silty clay cust covers the surface (dry).

Cteaec 2- 80 Sandy loam with yellow and red mottles; some salt flecks.

C 5 ,s,. 80- f6i Sandy loam, large quantity of neddle like salt crystals;

yellowish red 5YR5/8 wet.

GI1
I.G 12 '



16 Alluvium Dead Sea - Nahal Ze'ellm

depth,cm

0- 2 Gravel, without fines.

2- 7 Gravel 2-Scm in diameter with fines.

17- 26 Gravel 5-10cm In diameter with fines.

26- 50 Some boulders with gravel and fines.

26 Alluvium Southern Negey - Uvda Valley

depth,cm

0- Fine @and and silt compact firmly; subdivided into a silty
hard crust down to 1cm, slightly loose silt and fine sand
down to scm; yellow IOYR7/8 dry, brownish yellow
1OYRO/8 wet.

6- 1 Calcareous silt; hard; yellow 10YR7/6 dry, brownish yellow
10YR67,/ wet.

15- 20 Fine sand and silt; friable of low consistency; yellow
1DYR7/6 dry, brownish yellow 10YRO/O wet.

20- 25 Fine sand; hard; yellow 1OYR7/6 dry, yellow 10YR7/8 wet.

25- 33 Silty; thin laminar bedding, yellow 10 YR7/8 dry, brownish
yellow 10YRO/S wet.

33- 35 Silty; very hard.

a8- 40 Coarse sand with quarts grit; friable and very loose; fluvial
sand; yellow 10 YR7/8 dry, yellow 1OYR7/8 wet.

40- 50 Fine sand; laminar; friable.

27 Alluvium Eastern Sinai - Wadi Mandara

depth,cm

sarace Bar and swale patern cover the surface; white color.

0- 60 Sand and grit laminae.

28 Alluvium Central Sinai - Bir - eth Thamada

depth,cm

A 0- 10 Loamy sand with about 50% pebbles; loose; very pale brown
1OYR7/4 dry, light yellowish brown 1OYRO/4 wet; abrupt
boundary.

AC 10- 24 Loamy sand with about 10% pebbles; clear abrupt boundary.

C1 24- 40 Sand to sandy loam with about 70% pebbles; clear abrupt
boundary.
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C, 40- 14Sand with some (10%) pebbles; clear boundary.

C1  se-Ito Sand with about 70% pebbles.

38 ae$ Boll, Heaisene Dead Sea Valley - Nahal Ze'ellm

deptk,cn,

An Desert pavement covers 90-95% of the surface; well sorted
gravel 2-10cm in diameter.

A, 0-0.5 Vesicular layer; silty; very pale brown IOYR7/3 dry, light
yellowish brown 10 YR6/4 wet; clear boundary.

IS 0.6-4.5 Silty clay with pebble@ of average 1cm in diameter; some
gypsum nodules; reddish yellow 7.5YR7/6 dry, reddish yel-
low 7.6YRS/S wet.

C 4.5-35.6 Poorly sorted gravel; 70% of the gravel is shattered; white
friable gypsum nodules; very pale brown IOYR7/4 dry,
light yellowish brown IOYR6/4 wet.

80 kteg Soil, Holocene Southern Negev - Wadi Paran

depth,cm

A, Desert pavement covers 95-100% of the surface; well sorted
pebbles, average 2.5cm in diameter.

A, -0.3 Vesicles underneath the stones; wavy boundary.

B 0.3- 10 Small pebbles, (1cm in diameter); some shattered; gypsumn
crystals; .30% fine erth; yellow 1OYR7/6 dry, brownish ye!-
low IOYR6/8 wet.

Be* 10- 17 Petrogypsic horizon, highly cemented with some shattered
gravel.

C1  17- 40 Gravel, poorly sorted; average 2cm in diameter, max, 7cni;
shattered; some granules; very loose; salts cover many
stones and cracks; some gypsum nodules; .10% fine earth.

C1  40- 66 Similar to above layer; rounded cobbles 8-10cm in diameter,
only the big pebbles are shattered; without salt crystals.

81 Hog Soil, Holoeene Southern Negev - TIrnL Valley

dept h,c m

A 0  0- 2 Desert pavement mixed with fines; bar and swale pattern.

Av2-8.5 Silty; vesicular layer; light brown M.YRB6.5/4.

B 3.5- 6 Silty; yellowish red SYR4.5/6.

C, 6 0 Fines with some small pebbles.

CI 9- 14 Shattered small pebbles.

C1 14- 40 Pebbles with fines; well sorted.



92 Re Soil, Holocene Eastern Sinai - Wadi Mukelblla

depth,cm

A o  Desert pavement covers 98% of the surface. Clear bars with
unsorted boulders (80cm in diameter), gravels mixed with
sand.

A, 0- 2 Thick, vesicular layer, with relatively large vesicules; hard;
some small stones near the boundary; very pale brown
IOYR 7/4 dry, light yellowish brown 1OYRO/4 wet; clear
smooth boundary.

B, 2-3.5 Coarse sand with grit; continous layer; reddish yellow
5YRO/8 dry, yellowish red 5YR5/7 wet; clear boundary.

BCD 9.6- 12 Sandy; some poorly sorted stones and gravel (max.6cm);
concentration of gypsum mycelia around the stones; gravel
and stones are shattered; pink 7.5YR 7/4 dry.

C3 12- 46 Sandy; poorly sorted pebbles and cobbles; some crystalline
salt around the bottom of gravels.

33 Rcg Soil, Holocene Eastern Sinai - Wadi Khuwelt

depth,cm

A0  Desert pavement covers 85-90% or the surface; poorly sort-
ed gravel.

A l  0- 3 Silty; powdery fines; small vesicles 0.5-1mm; loose; reddish
yellow 7.5YRS/6 dry, 7.5YR7/8 wet; abrupt boundary.

BC 8- 8 Silt with granules and small pebbles; very loose; reddish
yellow 7.5YR7/8 dry, 7.5YR6/8 wet, abrupt boundary.

C1  6- 30+ Sediments; very loose.

The profile contains 5-10% fine earth,

34 Reg Soil, Pleistocene Central Negev - Makhtesh Ramon

depth,cm

A o  Desert pavement covers the surface; very poorly sorted
gravel-pitted, average of 40cm in diameter.

A, 0- 8 Vesicular layer; very small vesicles; yellow 1OYR7/6 dry,
brownish yellow 1OYRO/8 wet; abrupt boundary.

B, a- 18 Gravel free horison; friable carbonate nodules; yellow .4

10YR7/8 dry, brownish yellow 1OYR8/8 wet.

C 1  12- 20 Shattered gravel; carbonate nodules.

Ca 20- 50 Small unshattered gravel; friable gypsum nodules bridge
between the stones.

The profile contains -40-50% of fine earth.



as Res soil, Pleistocene Central Arava Valley - Hatseva

depth,cm

A o  Rock fragments cover the surface - desert pavement.

A 0- 1 Sandy loam with some pebbles; very pale brown 1OYR7/3
dry, light yellowish brown 1OYRG/4 wet; clear boundary.

B1- Loam-clay loam; 20% of pebbles, salts; loose; reddish yel.

low 7.YRO/S dry, strong brown 7.5YRS/0 wet; clear wavy

boundary.

Be" *- Ii Fines with some pebbles; gypsum crystals; wavy boundary.

Be" 12- t0 Silt and sand with 30% pebbles; white salt spots; loose;

light broiwn to light yellowish brown eYRO/4 dry, strong

brown 7.$YRS/S wet; clear to gradual boundary.

CI.,0 20- so Petrogypsic horison partly cemented;sand and silt with
gravel; massive; hard; white 1OYR8/1 dry, very pale brown
10YR7/3 wet; gradual boundary.

CA 89- 62 Sand with 50% pebbles; gypsum crystals; massive; loose;
very pale brown IOYR7/3 dry, very pale brown to light yel-

lowish brown IOYRO.5/4 wet; gradual boundary.

C 1 a 52-100 Similar to above layer; more gypsum crystals; gradual
boundary.

C1 100-117 Similar to above layer; number of gypsum crystals decrease
with depth.

CA 117-185 Similar to above horison.

86 Reg Soil, Pleistocene Southern Negev -- Wadi Paran

depth,cm

A o  Desert pavement covers 95% of the surface; well sorted peb-

bles with (-10%) rounded cobbles 15cm in diameter,

A 0-0.8 Vesicles costing the bottom of stones.

B 0.8- 11 Fines with very little stones; powdery small gypsum cry-
stals; loose; 30% fine earth; brownish yellow 10YRO/8 dry,
yellowish brown 10YR5/8 wet; wavy boundary.

CA II- s0 Shattered gravel; 50% of the gravels are cobbles averaging 1
0cm in diameter; pebbles of 2cm in diameter and some
granules; mottles of gypsum max. 4cm in diameter; salt
crystals cover many stones and sometimes bridge between

them; -25% fne earth; reddish yellow 7.5YR7/6 dry, brown-

iah yellow 1OYR O/8 wet.

C s  so- 66 Pebbles and granules, average 0.5-1cm in diameter max.

5-7cm; massive structure; some crystalline gypsum; salts
at the bottom of stones; -10% fine earth; hard-cchessive.
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CA 66- s Gravel - rounded and poorly sorted; some shattered;

slightly hard; .15% fine fine earth.

U? Reg Soil, Pleistocene Southern Negev - Nahal Hlyyon

depth,cm

A o  Desert pavement of flint gravel.

Al 0- 2 Vesicular layer; slightly gravelly loam; very pale

brown 1UYR7/4 dry; light yellowish brown 1OYR6/4 wet;
gradual boundary.

Aa 2- 6 Slightly gravelly (10%) loam with many small (1mm) white
mottles apparently of soft gypsum; massive; pink 7.5YR7/4
dry, strong brown 7.5YR5/6 wet; gradual boundary.

Bse. 8- 21 Gravelly (20% gravel) loam to clay loam with numerous
large gypsum concentrations of low bulk density; loose;
reddish yellow SYR6/6 dry, yellowish red 5YR4/6 wet;
gradual boundary.

Bs,* 21- 30 Gravelly (70% gravel) loam with gypsum crystals and con-
centrations of various dimensions; loose; reddish yellow
7.SYRO/O dry, strong brown 7.5YR5/6 wet; clear boundary.

Be a8- 60 Similar to above layer, with more (50%) gravel and without
a gypsum concentration; clear boundary.

C1 .6 0- 78 Loamy layer, mostly somewhat indurated by gypsum (60%
of the layer); slightly hard; white dry, strong brown

7.SYR5/8 wet; clear boundary.

C1 .0 7a- 94 Very gravelly and stony (60%) sandy loam, somewhat in-
durated by gypsum; massive; soft to slightly hard; reddish
yellow 7.$YRO/6 dry, strong brown 7.5YR5/6 wet; gradual

boundary.

C1 .  94-128 Similar to above layer, with more stones and gravel (80%)
and more indurated by gypsum; clear boundary.

CIeS 120-150 Sandy loam indurated by gypsum and lime; massive; hard;
white dry, pink 7.5YR7/4 wet; clear boundary.

Bb Very gravelly (80%) sandy loam, somewhat indurated by
gypsum; massive; hard; yellowish red SYR4/8 dry and wet.

"8 Reg Soil, Pleistocene Southern Negev - Qetura

depth,ck 4.

A, Desert pavement of dolomite gravel with some flint gravel.

A 0- a Vesicular layer of lcm grading at depth to massive layer;
20% gravel and stores, loam to silt loam; pink 8YR7/4 dry,
reddish yellow 7.SYR8/6 wet; clear boundary.

B a- a Gravelly loam (20% gravel), with many small white gyp.
sum or lime flecks (1-2mm); loose; pink 7.SYR7/4 dry,
strong brown 7.SYRS/0 wet; wavy clear boundrry.
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BIGO a- Is White gypsum with low bulk density, some gravel
(10-20%); massive; soft; wavy abrupt boundary.

b, 0  15- 22 Gravelly sandy loam (20% gravel), with mryj (10-20%))
soft small gypsum concentrations (1-2mm); loose; clear
boundary; pink 7.5YR7/4 dry, reddish yellow 7.SYRO/O wet.

Been 22- aa Sand loam with few gypsum crystals; loose; pink 7.5YR7/4
dry, reddish yellow 7.5YR6/8 wet; clear boundary.

Cleo s8- s Very gravelly and stony (80%) sandy loam, with little gyp-
sum, gypsum crystals cover many stones and sometimes
bridge between them; massive to loose; pikk 7.5YR7/4 dry,
strong brown 7.5YR5/6 wet; gradual boundary.

So Reg Soil, Pleistocene Southern Negev - Timna Valley

depth, cm

Ao  Desert pavement, covers 100l% of the surface; pebbles - aver-
age of 3-5cm in diameter.

AV  0- 2 Vesicular layer; reddish yellow 7.5YRO/O dry, strong bruv. n
7.5YR5/8 wet; abrupt boundary.

Bi 2- 20 Silty, gravel free horihon; petrogypsic horison; pink
7.5YR7/4 dry, strong brown 7.5YR5/8 wet.

Be 20- 80 Shattered pebbles with rounded gypsum crystals; reddish
yellow SYR6/6 dry, yellowish red 5YR5/6 wet.

C1  60- 90 Rounded pebbles; gypsum nodules; loose; light reddish
brown 5YRO/4 dry, yellowish red 5YR5/8 wet.

CI g0-I0 Gravel, some shattered; very loose; some nodules; reddish
yellow 7.5YRO/8 dry, strong brown 7.5YRS/8 wet.

The profile contains 10-20% fine earth;

'0 Reg Soil, Pleistocene Eastern Sinai - Wadi Khuwelt

depth,cm

A0  Desert pavement covers 80-90% of the surface; pebbles,
average of 2-3cm in diameter, cobbles 10-15cm, max. 30cm;
the gravel is shattered and weathered.

Al 0- 2 Silty; vesicular structure; small vesicles of 1-1.5mm in di-
ameter; pink 7.5YRS/4 dry, reddish yellow 7.5YR6/6 wet;
clear and wavy boundary.

B 2- 16 Fines with some small pebbles; reddish yellow 7.5YR7/8
dry, strong brown 7.5 YR5/8 wet; wavy and gradual boun-
dary.

C is- 70 Shattered gravel; poorly sorted; concentration of salt flecks
decrease with depth; salt crystals inside the shattered
stones.
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The profile contains 30% fine earth.

41 Reg Boil, Plelstotene Central Sinai

depth,cm

A, Desert pavement covers 100% of the surface.

A, - a Vesicular layer or sandy loam; very pale brown 1OYR7/3
dry, yellowish brown 1OYRS/fi wet; abrupt boundary.

As 8- 10 Loamy sand with some pebbles; some sats; massive to
laminar; very pale brown 1OYR7/3 dry, light yellowish
brown IOYRO/4 wet; abrupt boundary.

B, 10- 19 Loamy sand with some pebbles; columnar structure; strong
brown 7.SYR5/6 dry and wet; gradual boundary.

Bss 19- 35 Loamy sind with 30% pebbles; light brown 10YRO/4 dry,
strong browu 7.YRS/6 wet; wavy boundary.

asscm 3- 47 Loamy sand with 30% pebbles; some gypsum crystals; light
brown 7.5YR6/4 dry, strong brown 7.6YR5/8 wet; gradual
boundary.

C16 47-100 Petrogypsic horison highly cemented; very pale brown
10YR8/3 dry, light yellowish brown 10YRS/4 wet; gradual
boundary.

Clem 100-110 Petrogypsic horison slightly cemented; gradual boundary.

Clem 110-120 Loam; some gypsum crystals which decrease with depth;

very pale brown 10YRO/4 dry and wet; gradual boundary.

42 Reg Hoil, Pleistocene Central Sinai

depth~cm

A,0- 7 Vesicular layer; sandy loam; light yellowish brown
1OYR8/4 dry, yellowish brown lOYR5/4 wet; clear wavy
boundary.

BI& 7- 18 Clay loam with 30% pebbles; salt crystals and gypsum
mottles; loose; yellowish red 5YR4/6 dry, yellowish red
SYR14/6 wet, gradual boundary.

Bass 1O- 25 Loam to clay loam with 30% pekblt.- loose; OYR15/6 dry,
4YR5/6 wet.

BC.. 25- 89 Loamy sand with 50% pebbles; loose; pink 7.5YR7/4 dry,
reddish yellow 7.SYR 6/6 wet; gradual boundary.

CA@& Be- so Sandy loam t,. loamy sand with 80% pebbles; very pale
brown 1OYR7/3 dry, brownish yellow IOYR4/5 wet; gradual
boundary.

C1,>, 60- so Loamy sand with 70% pebbles; slightly cemented by 'b
gypsum; gradual boundary.
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CL 0- 96 Sand with 60% pebbles; loosv; pink 7.5YR7/4 dry, reddish
yellow 7.5YR8/6 wet; gradual boundary.

C I  95-120 Loamy sand with 60% pebbles; cemented by gypsum; strong
brown 7.5YRS/S dry and wet.

48 Reg Soil, Pleltocene Central Negev -- Makhtesh Ramon

depth,cm

A o  Desert pavement covers the surface; pebbles averaging 3cm
in diameter; some boulders of max. 80cm.

A, 0- 6 Silty; gravel free horison; placky structure; cohesive;
yellow 10YR7/6 dry, brownish yellow IOYR8/8 wet;
indistinct boundary.

C1  5- 25 Fines with some pebbles; salt Reeks; yellow 1OYR7/6 dry,
brownish yellow 10YRO/8 wet.

Cf 26- s0 Fines with some pebbles; salt nodules; reddish yellow
7.5YR7/6 dry, 7.5YR7/8 wet.

44 Reg Soil, Tertiary Northen Negev - Zin Valley

depth,cr

A o  Desert pavement covers 100% of the surface; well sorted
pebbles average 3cm in diameter; max. 20cm; well packed.

AV 0- 2 Silty; vesicular structure, medium developed vesicles of
1-2mm in diameter; clear boundary.

B I  2- 10 Fines, gravel free layer; indistinct boundary.

Bs  10- 16 Fines, gravel free layer; some friable gypsum flecks;
ludistinct boundary.

BC 16- 40 Shattered pebbles with fines; gypsum nodules.

Bbes 40-160 Petrogypsic horison; highly cemented; with some pebbles.

45 Reg Soil (age?) Central Negev - Makhtesh Ramon

depth,cm

A, Cover of pebbles 3-5cm in diameter.

A s  0- 1 Fines without vesicles; loose; powdery; yellow 1OYR8/8
moist, brownish yellow 10YRO/U wet; indistinct boundary.

A s  1- 16 Fines; powdery; some pebbles; brownish yellow IOYRO/8
wet; clear boundary.

Cf.* 16- 26 Shattered gravel with fines; reddish yellow 7.5YR7/8 dry,
7.5YRO/8 wet.

26- 60 Shattered gravel with fines; flecks of crystaline gypsum;
reddish yellow.
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Bb o- so Nodules of gypsum; reddish yellow 7.5YRS/iS moist, strong
brown ?.5YRS/9 wet.

The profille contains 40-50% fine earth from 7cm to 60cm.

46 Ron Boll (age?) Southern Negev - Sde Etayon

dopth,cm

AD Desert pavement covers 70% of the surface; gravel max.
20-30cm, average 10cm in diameter; 30% of the cover is fivie
earth.

AVa- a Vesicular layer; abrupt boundary.

B1  a- is Gravel free layer; massive structure; loose; brownish hue.

Csis- so Pebbles (about 20%) Scm in diameter; massive structure;
brownish line.

Cos10 75 Moe with about 20% pebbles,;' laminar horisontal struc-
ture; some crystalline gypsum (3mm in diameter) down to
60cm.

47 Res Boll (age?) Eastern Sinai - Wadi El Qsab

depth cm

AD Medium sorted gravel (6-10cm) of limestone and dlint cover
the surface; angular.

AV0-0.2 Vesicular layer; vesicles of 0.5-1mm In diameter; yellow
1OYR7/0 wet; wavy boundary.

B44- Small pebbles; some salts; reddish yellow 7.SYRO/8 wet.

Cie 6- 26 Flues with shattered gravel; many salts within the layer;
salts coat the gravel as well; reddish yellow 7.SYR7/8 dry,
7.6YR6/8 wet; wavy boundary.

Clo 26- 76 Shattered gravels with salts lying an top of sandstone; salt
flecks and salt nodules In between the stones.

The profile contains 50% fine earth.

The compaction of the profile is loose.

48 jIammada Soil Central Negev - Mount Sagi

depth,cm

A, Desert pavement covers 85% of the surface; limestone peb-
bles of 2-3cm In diameter; some cobles of 15cm In diameter.

Al 0- 2 Silty; very weak vesicular structure; very loose; yellow
JOYRO/fi dry, lOYR7/l wet; abrupt boundary.

8- 7 Silty; gravel free horizon; laminar structure; fhiAble lime
concretions; yellow 1OYR7/1 moist, gradual boundary.
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Cleo T- 80 Gravel with some fines; friable lime and gypsum spots in
between the stones; yellow 1OYR8/6 dry; abrupt boundary.

Cl S0- 40 Petrogypsic horiscn; salt and gypsum underneath the
stones; white fines with gypsum crystals.

49 Hammada Soll Central Negev - Mount Sagi

depth,cm

A0  Rock fragments cover 80% of the surface; average of 2-3cm
in diameter; some (-40%) rounded and angular cobbles;
biological crust with fines In between the stones.

A, 0- to Silty, gravel free; friable to loose; very pale brown IOYRS/4

dr y -

C1  to- 3o Silt with pebbles 10-16cm in diameter.

Cs  so- 80 Boulders with some fines.

50 Hammada goll Central Negev - Mount Lots

depth,cm

A* Rock fragments cover -60% of the surface; cobbles 10-15cm
in diameter; biological crust in between the stones.

At  0- 10 Fines with small pebbles; friable to loose; flaky structure;
some small vesicles under the biological crust; talny roots;
very pale brown 7/4 dry, yellowish brown IOYR5/8 wet;
gradual boundary.

C 10- 80 Gravel with some fines; many roots corrode the stones.

51 1jammada Soil Central Negev - Hamelshar

depth,'m

Ao  Rock fragments cover the surface, average 2-3cm in diame.
ter.

A, 0- 1 Loamy silt; friable; very pale brown 10YR7/3 dry.

B 1- to Loamy slit with 30% pebbles; friable structure; reddish yel-
low 7.5YRO/6 dry.

BC 1o- 28 Soil in pockets of the eroded rock; reddish yellow 7.YRO/O
dry.

Boo 28- 60 Discontinuous gypsic layer in rock cracks, and some fines.
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52 IamzuAda Soil Southern Negev Mount Berekh

depth,cm

AO Rock fragments cover 1005% of the surface, average 3-4cm

in diameter.

A, 0-0.5 Vesicular layer; weak.

AB 0.8- 1 Silty with some gravel.

5- 40 Shattered gravel with fines; loose; reddish yellow 7.5YRO/S
dry, strong brown 7.5YR5/8 wet.

61 Llthosol Judean Desert -- Mispe Hlaaon

depth,cui

AO Desert pavement of chalk grai.el, 50% of the surface.

A, 0- 2 Very gravelly (30%), fine sandy loam; vesicular layer, mas-
sive; soft; very pale brown IOYRS/3 dry, yellowish brown
IOYR5/8 wet; clear boundary.

B 2- 22 Very gravelly (30%) loam; pink 7.5YR7/4 dry, strong brown
7.5YR5/6 wet; abrupt boundary.

Cl eo 22- 44 Cypsuru crust wi6' somne weathered chalk.

Cie. 44- Weathered chalk.

fi4 Lithosol Northen Negev - Sde Boker

depth,cm

A 0- Hs Clay loam; loose; some rcots; light yellowish browii

IOYRB/4 dry, yellowish brown IOYR5/4 wet; gradual boun-
dary.

C as- 00 Similar to above layer, ivith less root3.

56 Lithosol Northern Negev -- Sdle loker

depth,cm

A 0- 10 Sandy clay loam; subangular blocky sitructure; loose; many
roots; very pale brown 1OYR7/4 dry, yelowish brown
IOYR5/4 wet; abrupt boundary.

As 10- so Gravelly layer (80%) of average 20cm in diameter; sortic
fines.

BC SO.- so Clay; subangular blocky structure; loose; 40% gravel wit],
max. 8cm in diameter; lime nodules tip to 2cm in diameter;
very pale brown 1OYR7/4 dry and wet; gradual wavy boun-

day

CI 65- 70 Clay; massive structure; friable; gradual boundary.
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Cle 704 Clay; massive structure; very pale brown 10YRS/4 dry,
10YR7/4 wet.

56 Llthosol Northen Negev - Sde Boker

depth,cm

A 0- 20 Clay loam; massive structure; friable ; many roots; very
pale brown 10YR7/4 dry, yellowish brown 10YRS/4 wet;
gradual boundary.

CI 20- 86 Clay loam to sandy clay; flaky structure; friable; 80-90%
cobbles S-12cm in diameter; very pale brown l0YR7/4 dry,
yellowish brown 10YRS/4 wet; gradual boundary.

CS as- 60 Sandy clay with eroded rock fragments; loose; very pale
brown 10YRO/4 dry, very pale brown 10YR7/4 wet; wavy
gradual boundary.

57 Serosem 0Sll Jordan Valley

depth,cm

A, 0- to Loam; lime crystals; hard; very pale brown 1OYR7/3 dry,
light yellowish brown 1OYR7/3 wet; clear wavy boundary.

As 10- 25 Silt loam to silty clay loam; crumb structure to vesicular;
hard; very pale brown 10YR7/3 dry, light yellowish brown
10YR6/4 wet; gradual boundary.

AC 26- 60 Silty clay loam; massive; gradual boundary.

Cleo 60- 62 Similar to above layer; with white mottles and gypsum cry-
stals; soft; gradual boundary.

CIO@ 62-101 Similar to above layer; massive; some white mottles and
large gypsum crystals; gradual boundary.

Cleo 101-124 Silty clay loam; many gypsum and lime crystals; massive;
hard; white 5YR8/2 dry, light grey 5yr 7/2 wet; gradual
boundary.

Cleo 124-198 Similar to above layer; lighter color; bedded structure;
gradual boundary.

Cle, 1a-167 Silty clay loam; gypsum and lime crystals; massive; hard;
very pale brown I0YRS/3 dry, pale brown 10YRO/3 wet;

gradual boundary.

Clog 167-174 Silt loasm; calcic; masive; hard; white 5Y8/1 dry, light
grey 6Y7/2 wet; abrupt boundary.

IICI 174-210 Lisan marl; silty clay loam; hard; white SYS/2 dry, pale
yellow 5Y7/3 wet; abrupt boundary.

IIc s  210-200 Lisan marl, silt loam; hard; white 5Y8/1 dry, light grey
5YR7/2 wet.
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So Sleseosm soll Judean Desert - Rugm aEn Naqa

depth,cm

A o  Cover of flint gravel and stones; 50-70% of the surface.

A 0- 2 Calcareous gravelly (20%) silt loam; faint, fine subsnguylar
blocky structure; loose to slightly hard; light yellowish
brown 10YRO/4 dry, strong brown 7.5YR5/6 wet; clear
boundary, with many stones.

Fan 13- s0 Slightly gravelly (5%) silty clay loam with many (30%) soft
lime nodules; strong, fine subangular blocky structure;
hard; brown 7.SYRS/4 dry *nd wet; wavy boundary.

80 .  So- 71 Slightly gravelly (5%) silty clay loam with some soft lime
Jacks and some mycelis of crystalline gypsum; massive
slightly hard; brown 7.SYRS/4 dry and wet; wavy boun-
dary.

DO.. 71- U Silty clay loam with many mycelis of crystalline gypsum;
massive, hard; very pale brown IOYR7/4 dry, light yellow-
ish brown 1OYR6/4 wet; clear boundary.

lice. 954 Massive silty loam disintegrating chalk with gypsum cry-
stals; very hard, pinkish grey 7.5YR7/2 dry, pink 7.5YR8/4
wet; gradual boundary to the underlying soft rock.

69 Gravelly Regosol Southern Negev - Mount Amr-m

depth,cm

An Angular rock fragments; pebbles average Sc in diameter;
max. cobbles 10cm.

C, 0- 40 Shattered pebbles grading at depth from large to small, max.
5cm in diameter; salts; brownish yellow 10YRO/0 dry, yel-
lowish brown 10YR5/8 wet.

Cs  40- 00 Shattered pebbles with some salts; yellow IOYR7/6 dry, yel-
lowish brown 10 YRS/6 wet.

60 Gravelly Regosol Southern Negev - Mount Araram

depth,cm

Angular gravel; average of 10cm in diameter, covers the
surface.

a- S Small pebbles without fines, average 0.5cm in diameter; well
sorted; massive; well compacted; .10% fine earth; yellow
10YR7/0 dry, strong brown 7.SYR5/6 wet.

12- 37 Small pebbles of average lcm in diameter; well sorted;
massive; some fines coating the stones.

27- 43 Pebbel sand cobbles average 1cm In diameter; max.
15-20cm; 10% fine earth; medium sorting; massive; yellow

a 1OYR7/6 dry, yellowish brown 10YRS/6 wet.

*1 GL



42- 80 Pebbles of average 1.5cm in diameter; well compacted; some
fines coating the stones.

The compacting of the profile is loose.

III Gravelly Regosol Scuthern Negev - Mount Amram

depth,cm

A o  Rock fragments cover 100% of the surface,

A0 0- 2 Vesicular layer, vesicles of 3-4mm in diameter; wavy boun-
dary; some pebbles intruded from the above layer.

CI2- 80 Pebbles of average 4.5-5cm in diameter, max. 10cm;
medium sorting; imbricate structure; massive; loose; .10%
of fines coating the stones.

CA 80- 60 Pebbles, average 2cm in diameter, max. 4cm; well sorted;
massive; 40% fines fill the spaces between the stones;
brownish yellow lOYRO/6 dry, yellowish brown IOYR5/8
wet.

C L  60- 70 Pebbles, average 3cm in diameter; 20% fine earth; loose.

C, 70- 05 Small pebbles; average 1cm in diameter, with granules;
10-15% of fine earth; salts are coating the stones; some of

the pebbles are shattered; compact packing; light yellowish
brown IOYR8/4 dry, dark yellowish brown 10YR4/8 wet;
clear boundary.

C S  95-185 Angular pebbles of average 2.5-3cm in diameter; most of
the pebbles are shattered; salt crystals cover many stones;
from depth of 110cm downward, many salt and gypsum cry-
stals; light yellowish brown IOYRO/4 dry, brown to strong
brown 7.5YRS/4-6 wet.

82 Gravelly Regoasol Easter, Sinai - Wadi Mukelblla

depth,cm

A o  0- 10 Well developed desert pavement covers 95% of the surface;
CA medium sorting.

C 10- 86 Unsorted gravel with many fines.

8 86-100 Fines with some unsorted grit and pebb!es; loos..

The profile contains 40-50% fine earth.
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68 Dune Sand Western Negev Mount Qeren
Pit No.

2 Climbing dume from west to east.
4 Active sad dune at a river bank, northen slope.
S Stabillsed sand dune at a river bank, upper crust (1-3cm)
I Friable sand dune at a river bank (50cm)

6 Alluvial Sand Western Negev - Be'erl
depth,cm

A 0- u Loamy sand; massive structure; hard; light yellowish
brown l0YRS/4 dry, yelowish brown 10YR5/5 wet; gradual
boundary.

Bea "-108 Sandy loam; hard carbonate nodules (-10%) lem in dimeter;
hard; 9YR6/4 dry, dark yellowish brown 10YR4/6 wet;
gradual boundary.

C1  108-ie Sand; some hard carbonate nodules (.2%); hard ;light yel.
lowish brown 10YR6/4 dry, yellowish brown 1OYR5/5 wet;
gradual boundary.Cs  188-180. Similar to above layer, with less carbonate nodules; very
pale brown 10YR 7/4 dry.

Of Alluvial Sand; Western Negev - Kiseofirn
depth,cm

A 0- 21 Sand to sandy loam; friable; yellowish brown IOYRS/4 dry,
dark yellowish brown IOYR 4/4 wet.

B2 2- 78 Sandy loam; some hard carbonate concretions (2-3%)
O.5-lcm In diameter; massive to crumby structure; light
yellowish brown 10YR6/4 dry, yellowish brown 10YR5/4
wet; gradual boundary.

DOV 78-103 Similar to above layer; Yellowish brown 10YRS/6 wet;
gradual boundary.

C1.1a 108-143 Sand; hard carbonate nodule& (10%) 0.5-1cm in diameter;msive to loose; very pale brown to light yellowish brown
10 YRO.5/4 dry, yellowish brown 10YRs/0 wet; gradual
boundary.Ca., 144-210 Similar to above sand, coarser and loose.

iCe 210-400 Similar to above sand with very little amount of small car-
bonate concretions.
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67 Alluvial Sand Western Negev -- Klsoffm

depth,cnr

A 0- &1 Sand to sandy loam; friable; light yellowish brown

IOYR6/4 dry, yellowish brown IOYR5/4 wet; gradual boun-
dary.

Be& 81- s0 Sandy loam; some hard carbonate nodules (.5%); masive
structure; light yellowish brown 1OYR6/4 dry, yellowish

brown 10 YR5/6 wet; gradual boundary.

C 1  80-101 Sand; some hard carbonate nodules (.2%); massive to loose;

light yellowish brown 1OYR6/4 dry, yellowish brown
10YRS/6 wet; gradual boundary.

Co 101-176 Similar to above layer; light yellowish brown to yellowish
brown IOYR5.5/4 dry and wet.

U Sandy Regosol Western Negev - Yamlt

dept h,c m

A 0- 40 Massive sand; soft; very pale brown 1OYR7/4 dry, light yel-
lowish brown 1OYR8/4 moist; gradual boundary.

Cle a  40-100 Massive sand, somewhat finer with few hard lime nodules
(5mm); gradual boundary.

Choft 100-140 Masive sand with more hard lime nodules (2-3%) which de-
crease in number with depth; gradual boundary.

Co 140-260 Coarser sand without lime nodules, from 190cm downward
the sand becomes finer again.

69 Brown Alluvial Soil Jordan Vailey - Fateael

depth,cm

A 0- 17 Gravelly (-50%) silt loam; subangular blocky structure;
calcareous; hard; very pale brown 1OYR7/3 dry, yellowish

brown IOYR5/4 wet; wavy boundary.

Bags 17- 44 Very gravelly (-70%) silt loam; many big lime mottles;
petrocalcic horison in developement; subangular blocky

structure; hard; light brown 7.5YRO/4 dry, brown 7.5YR5/4
wet; wavy boundary.

Boo& 44- 70 Similar to above layer, coarser sandy loam; lots of lime

mottles; wavy boundary.

Bs 70-112 Gravelly (.60%) sandy loam; lime mottles; loose; light
brown 7.5YRO/4 dry, brown 7.5YR6/4 wet; wavy boundary.

C 112-160 Similar to above layer; about 70% gravel; no lime mottles.
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to Drown Al ial Sell Jordaa Val1I
dook,em

- a Gravelly (JO%) loam; crumbly to piety stioetutq
caleanoiw bardl very pals brown 1OYR7/3 dry, light yl.
lowish brow& IOYRO/4 wet; wavy bondary.

4- 84 Loam with gravel (.10%): calcaremel mauve structure;
%ardl very pale brown lOYR7/I dry, light yellowish brown
lOYRI/4 wet; wavy boundary.

24- a Loamy "ad with gravel (-70%) massive i. -- t"
calearooel loom very pale brown 1OYR?/2 dry, li.
lowls brown 1OYR6/4 wet; abrupt wavy boundary.

42-119 Sasdy loam with travel (.?@%N massive strueture
ealcareosel losel verypale brown 1OYR?/3 dry, light
yellwoolh browa iOYRi/4 wet; wavy boundary.

Iif-in Silt loam with gravel (.70%): massive to platy structure
calcareoeu; hard; very pale brow& IOYRI/I dry, 10YR7/3
wet; wavy boundary.

111-144 Loam with some gravel (-10%); carbonate concretions and
mycell; massive strueture; crumby; very pale brown 10YR
7/3 dry, light yellowish brown 10YR$/4 wet; wavy ban-
daty.

146-300 Loam with gravl-(.70% ) massive structure; caleareoul
loose; very pale brown 1OYRI/3 dry, 1OYR7/4 wet.

11 Brown Alluvial Sell Jordan Valley
depsh,cm

0- 10 Loam with some gravel (-5%); crumby; white IOYRU/2 dry,
very pale brown lOYR7/3 wet; wavy boundary.

10- s0 Silty clay loam with some gravel (.5%); massive structure;
calcareous; hard; very pale brown IOYR7/3 dry, light yel-
lowish brown 1OYRO/4 wet; gradual boundary.

W- 68 Loam with some gravel (.10%) massive structure;
calcareone; hard; very pals brown 10Yfl7/8 dry, light yel.
lowish brown 1OYR6/4 wet; wavy boundary.

03- 76 Sandy loam with gravel (.70%); loose; white 1OYRI/2 dry,
light gray IOYR7/S wet; wavy boundary.

76- 00 Gravelly (-90%) with some sandy loam; salty ead calcare-
e; loose; light gray IOYR7/2 dry, pale brown 1OYR6/3
wetl abrupt boundary.

go- IO Lean marl - silty clay loam with some gravel (.6%);
massive to platy structure; calcareous; hard; white
101 t6J2 dry, light gray 1OYR7/1 wet; gradual boundary.
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108-170 Lisan marl - silty clay loam; platy structure; hard; very
pale brown 1OYR7/3 dry and wet.

72 Brown Alluvial Soil Jordan Valley

depth,cm

A 0- t9 Loam with some gravel (-10%); salty and calcareous; loose;
very pale brown IOYR7/3 dry, yellowish brown 10YR5/4
wet; wavy bounday.

C, 10- 40 Loam with gravel (1k. C 1%); massive to loose; salty and
calcareous; very pale brown 1OYR7/3 dry, yellowish brown
1OYR6/4 wet, clear wavy boundary.

C1 40- 75 Loamy sand with gravel (.25%); salty and calcarous; loose;
very pale brown 1OYR7/3 dry, light yellowish brown

1OYR6/4 wet; wavy boundary.

C1 76-107 Loamy sand with gravel (.50%); massive to loose; salty and
calcareous; very pale brown 10YR7/3 dry, light yellowish
brown 1OYR6/4 wet; wavy boundary.

C1 107- 140 Sandy loam with gravel (-40%); loose; salty and alcareous;
very pale brown 10 YR7/3 dry, light yellowish brown
1OYR6/4 wet; abrupt boundary.

cc& 140-163 Petrocalcic horison, highly cemented.

liCe 158-180 Lisan mare beds; silty clay loam.

75 Grumusol Western Negev

depth,cm

A 0- 16 Silty clay loam; hard; brown 7.5YR5/4 dry, brown to dark
brown 7.5Y14/4 wet; wavy boundary.

BI 18- so Similar to above layer; coarse columnar structure; hard;
gradual boundary.

B, 30- 87 Clay, coarse columnar structure; hard; brown 7.5YR5/4
dry, brown to dark brown 7.5YR4/4 wet; gradual boundary.

B, 67-120 Similar to above layer; blocky structure with slickensides;
bome carbonate nodules (1-2%) 4-5cm in diameter.

Bs=. 120-180 Ciay, carbonate concretions (5%); black mycelia of man-
ga ese on aggregates; gradual boundary.

BES 160-200 Similar to above layer; with slickensides; reddish brown
5YR4/4 dry and wet.

74 Grumusal Eastern Samarlan Mountains -- Ma'akt Efralm

depth,ca

A, Some limestone gravel is found on the soil surlace.

b,

G30



BI 10- 40 Calcareous clay; wide cracks, 23-30cm, fine platy structure;

very hard; reddish brown 5YR4/4 dry and wet; gradual
boundary.

B, 40- 75 Similar clay with very coarse columnar structure and
secondary platy structure; cracks,

B s  75-128 Similar clay with polyhedric bicuneate structure;

indistinct boundary.

Bs 125- EO Similar clay with few hard lime concretions; dark reddish

brown 5YR3/4 dry and wet.

76 Grumusol Jordan Valley

depth,cm

A1  0- 4 Silty clay loan,; calcareous; aggregate to platy structure;
hard; yellowish brown 10YR5/4 dry, brown to dark brown
1OYR4/3 wet; abrupt boundary.

A8  4- 21 Silty clay loam to silty clay; calcareous; columnar, massive
structure; hard; light yellowish brown 1OYRG/4 dry, brown

to dark brown 10YR4/3 wet; gradual boundary.

BI 21- 45 Silty clay; coarse blocky structure; calcareous; aggregates
coated with clay; very hard; brown to dark brown 7.5YR4/4
dry and wet; gradual boundary.

B2 45- 80 Silty clay; calcareous; blocky structure; aggregates coated

with clay; diagonal slickensides ; hard; brown to dark
brown 7.5YR4/4 dry and wet; gradual boundary.

B a  80-12C Similar to above layer; brown 7.5YR5/4 dry, brown to dark
brown 7.5YR4/4 wet; gradual; boundary.

i
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G.8.1 SELECTED SOILS AND DEPOSITS - DATA

-------------------------------------------------------------------------------------------------- --------------------

No. So11 Type; Pbyeiograpbic Pit Site Local Parent Climate Region, Coordinates Soil Depth. E

Type of Surficial Unit/Laidform Material (P.an/yr) Location (Israel Grid) Hor.zon ca 0

Deposit
----------------------------------------------------------------------------------------------------------------------- -------------

1. Lo.ssial Soil Loeslsal Plain - Loes Semi-arld Northwestern 1109 0938 A 0 - 30

(360) Neev., Netivot AS 30 - 60

bc o60 - 86

Bbca 86 -100

2. Loossial Soil Alluvial - LL!e Seat-arid western Negev 0936 0840 A 0 - 40

Terrace (270) ID 40 - 77
8 77 -112
Bb  112 -158

Bb  168 -180

Bb  130 -210

3. Looelal Soil Loeselal Plain - Lose@ Seal-arld Weatern Negev 0908 0837 A1  0 - 27

(260) A3  27 - 70

C1  70 - 97

C1  97 -144
C1  144 -160

C2  160 -200

4. Drown Loeosslal Alluvial - Lossa Seal-arid Western Negev 1024 0883 A 0 - 28

Soil Terrace (300-360) A 28 - 62
Bca 62 - 9a

C, 96 -120

C2  120 -160

5. Browm Loesslal Undulating Plateau- Loes0 Seal-arid Western Negev 1032 0882 A 0 - 42

Soil Hill Divide (800-360) Bca 42 - 78

C1  78 -101

Bt, 101 -120

Bb 120 -168

6. Brown Loessial Hillslope - Loose Sel-arid Western Negev 1028 0880 A 0 - 44

Soil (300-360) B1  44 - 87
2

2ca 67 - 88

BC 88 -116

C 116 -180

7. Light Brown Hillelop* - Loose geal-arid western egev 1083 0877 A 0 - 28

Loeseal Soil (300) B2ca 28 - 46

82ca 46 - 65
BC 66 - 90
C1  90 -130

C2  130 -200

8. Light Brcwr HIlelope - Loess Seal-arld Western Negev 0953 0870 A 0 - 30

Loessial Soil (275) B2ca 30 - 80
8 3ca 80 -113

C1  113 -180
C2  160 -210
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Coordinates Soil Depth. Electrical Gypeum, Sand, Skilt, Clay, Color. Color.

(Israel Grid) Hor1z,. Iz ConductIV$ty, I I dry wet

mmbo/cm

ster 1109 0938 A 0 - 30 0.8 - 9.2 63.4 37.2 IOYRS/4 9TY4/4

:e9tlTot AD 30 - O 0.7 - 11.4 82.4 26.0 OYR8/4 10YR8/4

Bbca 10 - 85 1.0 - 7.7 48.2 44.1 7.5YR4.6/4 7.6YR4/4

lbca 86 -100 1.8 - 0.9 46.0 44.1 7.BYR8/4 7.5YR4/4

Negev 0938 0840 A 0 - 40 0.4 - 63.6 29.8 18.8 1OYR8/4 10YR4/4

B 40 - 77 0.4 - 68.4 29.9 18.7 IOYRO/4 1OYR/4

B 77 -112 0.6 - 55.8 28.3 17.9 -

kit 112 -1S8 1.7 - 52.6 28.1 21.4 IOYR5/4 JOYR4/4

Bb  158 -180 3.3 44.2 29 5 28.3 10YRS/4 OY8t4/4

1b i90 -210 3.4 40.C 33 . 21.8 1OYR8/4 1OYR4/4

INegev 0906 0&J7 A1  0 - 2? 0.7 79.- 9.0 1OYR614 1OYR4/4

A3  27 - 70 0.4 83.6 8.0 10YR184 ioYRS/6

C, 70 - J7 0.4 83.0 .2 7.1 - IOYR6/5

C, Q7 -144 0.3 76.6 .8.1 8.2 -

C1  144 -180 0.7 60.2 28.2 13.8 -

C2  180 200 0.8 72.1 18.9 9.0

* Negew 1024 0883 A 0 - 25 0.8 - 36.2 44.1 20.7 10YR5.6/4 1OYI4/4

A 28 - 52 1.6 29.8 48.6 21.9

Oca 52 - V8 0.9 - 27.9 48.4 26.7 10YR8/4 10R5/4

C1  98 -120 1.4 - 39.0 42.3 18.7 -

C2  120 -150 1.7 - 40.8 41.0 18.2 -

l Negev I032 0882 A 0 - 42 0.6 - 45.7 37.8 18.5 10YR8/3 !0YR6/4

Bca 42 - 78 0.6 - 86.1 45.6 18.3 10Y96/4 10YR5/4

C1  78 -101 0.A 38.5 46.3 18.2 -

Bb  101 -120 0.8 - 28,8 50.6 20.7 9YR6/8 IOYR4/4

Bb 120 -168 0.8 - 27.7 60.0 22.3 QY86/8 I0YR4/4

-n Negev 1028 0880 A 0 - 44 0.q - 34.2 37.8 28.2 IOY15/4 10Y4/4

dl 44 - 87 0.5 - 32.0 38.2 29.8 -

8
2ca 87 - 88 0.8 - 34.3 36.1 29.8 IOYR5/4 ICY4/4

BC 88 -118 1.0 - 88.6 35.7 25,7 1OYR6/4 1OYR4.5/4

C 116 -180 1.2 - 39.4 40.9 19.7 -

Negew 1083 0877 A 0 - 28 0.5 - - 17.9 12.3 10YR8/4 10YR4/4

B2c& 28 - 46 0.4 - - - 16.2 7.6YR7/4 7.bYR5B/
8
2ca 4b 8 C.4 - - - 13.7

DC 6, - 90 0.4 - - - 10.9 7.5YR8/4 7.SYRS/8

C1  90 -130 0.4 - - - 7.4 7.5Y8/4 7.5YRG/8

C2  130 -200 0.5 - - - 4.9 7,5YR7/4 7.6YR6/6

Negev 0953 0870 A 0 - 30 1.3 - 89.4 20.7 9.9 IOYR7/3 10TR6/5

8
2cs 30 - 80 0.4 - 72.4 19.5 8.1 IOY88/4 OYR6/86

83cs 80 -113 0.4 - 79.7 13.9 8.4 -

C! 113 -180 0.4 - 87.4 9.1 3.5 10YRI/4 10YR6/8 A

C2 160 -210 0.3 - 98.5 2.8 0.8 IOY"7/4 10YT/6



No. Soil 
Typo; Physlograpblc Pit Site Local FParent Climate Regior, Coordlnates 511 Depth. Elect

Type of Surficial Unit/LUndfo-m Material (Pma/yr) Location (Israel Grid) Horizon cM Con"-

DOepoit. a
---------------------------------.-.--------------------------------------------------------------------------------------------------------

9. LUght Brown H1lislope Lower Chalk Arid Northern Negev, 1270 0310 A 0 8 '.

Loesuial Soil Hillelope (9T) Sde Boker B 8 - 20

B2c& 20 40 0.
C& 40 -85

10. Loesgial Serizem Undulating Plateau- Loea Arid to Western Negev, 1301 0700 A 0 - 12 4.

Soil Hill Hillelope Moderately Be'er Sheva BICa 12 - 33 13.
Crest Arid 

8
2Ba 33 - 61 14.

(60) B281 81 - 0i 2.

Bb2caea g1 -141 18.
Bb2ca.ia 141 -1I 16.

II. Loessial Serozen Millolope Lower Lhalk Arid Northern Negev, 1270 0310 A 0 - 17 C.
Soil Hlllelope (95) Sde Boker B 17 - 40 1.

B2 40 - CO 2.

2ca 80 - 78 7.

92ce,ca 78 -100 9.

12. Looelal Serozem Hillelope Lower Colluwlum Arid Northern Negev, 1270 0310 A 0 - 12 (.

Soil Hll9lope (95) Sde Boker F1 12 - 25 6.

B2 26 - 45 i3.

B2c,,ca 46 - 66 20.
8
2ca,ca as - 86 21.

B2cs,ca 8& -110 25.

B2cs,ca 110 -130 2S.

13. Loessial Serozem Plateau Plateau- Looms Arid Northern Negev, 1310 0294 A1  0 - if I.
Soil Saddle (90) Sde Boker A3  10 - 22 9.

B10 &  22 - 35 41.

B2c&  35 - 70 33.

83 70 - 82 33.

C1  82 -105 28.

C1  105 -132 3r.

Bb  132 -165 27.

14. Loessial Serozen Alluvial - Loess Moderately Judean Desert, 1772 1044 A 0 -15 .
Soil. Terrace A-rid Rujum Ey. Naga B1ca 16 - 40 14.

(230) B2ca 40 - 88 20.

B2  88 -107 18.

B3cs  107 -150 18.

Obcs 150 -180 18,

16. Loom, ArcbfaoloNIca. Inside Loee Extremely Central Negev, 144C 0018 0 - 10 12.

Site Ruin Arid Makhtesh Ramon 10 - 30 is.

Fill (80) 83 - 56 7,

55 - 80 20.
80 - 75 13.

76 - 86 24
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Coordlnates Bol. Deptt, Electrtcal Gypsum, Sand. Sllt,, Clay, Color. Coior,

(Israel Grid) Horiz-,r cr Conducl vlty. % dry wet

aobO/cm

Negov, 1270 0310 A S 8 0.6 29.4 39.f 31.0 tOYR7/4 1OYR/4

SB-- 0,4 2'.5 33 S 40.0 IOYR7!4
'  

IYRC/4

B2ca /9 40 0.4 10.6 33.2 47.2 10hY7/4 IOYR6/4

Cc& 40 - 66 1.4 12.7 29.0 68.3 1OYR7/4 1OYR7/4

Negev, 1301 0700 A O 2 4.3 35.2 48.8 18.0 OYR7/3 10Y"R6/4

ova 
8
1ca 12 - 33 13.9 24.8 53.4 21.7 10YR8/4 1OY56/8

8 20a 33 - 61 14.5 24.4 58.8 16.8 10YR6/4 1OYR6/4

B26 1 - 91 21.0 30.0 51.2 18.8

Bb2c.,o. 91 -141 19.1 22.4 64.8 22.8 10TY6/4 IOYR4/4
8 b2ca.a 141 -191 18.4 24.4 52.6 23.0

Negev. 1270 0310 A 0 1 0.4 31.4 37.9 30.7 IOYR7/4 IOY9R/4

81 17 - 40 1.0 23.6 42.6 33.9 1OYR7/4 1OYR7/4

82 40 - 60 2.2 18.9 44.2 36.9 1OYR7/4 IOYR7/4

82ca 8, - 7V 7.3 2.8 18.9 44.2 36.9

82c@,Cz 78 -100 9.6 4.0 19.4 48.C 34.0 IOYR7/4 10YR7/4

I Negev, 1270 0310 A 0 - 12 0.7 - 33.8 33.6 32.6 10YR7/4 IOYR6/4

or 12 - 26 6.7 - 33.2 32.3 34.5 1OYR7/4 10YR6/4

82 2E - 46 13.4 2.4 Z8.0 34.e 38.4 10YR6/4 10YR5/4

B2ce.,& 41, - 66 2C.0 5.8 33.1 32.6 34.3 IOYR7/4 IOY96/4

B2cs,c; 55 - 86 20.1 3.7 30.9 33.7 36.4 10YP7/4 10YR8/4
8
2cs"c& 3i -110 26.9 2.6 34.3 28.9 36.3 10YR7/4 10YR/4

B2ca,,a :'0 -130 25.0 4.3 29.3 28.9 41.8 -

Nege. 1310 0294 A1  0 - 10 1.4 - 41.9 38.3 21.8 10Y87/3 10Y7/3

or A 3  10 22 9.8 0.6 33.8 41.0 25.2 10YR7/3 10YR7/3

Blsa 2; - 35 41.6 3.5 28.0 46,8 26.2 ~
8
2c&  35 - 70 33.2 1.2 23.6 43.4 33.0 7.6Y4.6/4 7. 6,H4/4

83 70 - 82 33.2 1.0 25.6 39.1 35.4 7.6YR5/e 7.6YR6/6

C 1  B2 -!05 28.8 0,9 25.7 40.7 33.8 IOYR6/4 10Th5/4

C1  105 -132 30.2 2,0 2.5 41.6 32.9 IOYR8/4 IOY5/4

Ob 132 -166 27.4 6.2 29.9 40.9 29.6 6Y5/8 8YI6/8

Desert, 1772 1044 A 0 15 2.0 - 28.8 52.9 18.3 10YR6.6/4 10YR6/6

n Naga 81.ca lb - 40 14.0 - 35.0 40.8 24.4 10YRe/4 10Th6/4

82ca 40 - 88 20.5 - 36.8 37.2 26.0 7.5YR6/4 7.6(84.6/4

82 88 -107 18.8 - 36.6 39.6 24.0 7.57T8/4 7.6Y5T/4

B3cs 107 -150 18.0 2.0 28.7 44.0 27.3 7.6T97/4 7.5YR7/4

Bbc@ 160 -180 'd.8 - 23.7 41.6 34,8 7.5Y5/4 7.5T67/4

.Negev. 144C C016 0 - 10 12.0 4.1 44 7 48.6 6.7 1OYR6/4-6 IOYRb/8

h Rxon 10 - 3U 15.1 1.1 63.2 44.7 2.1 10YR5/,6 ICY 6/6

30 - 56 7.2 6.2 68.6 38.0 5.4 108y6/6 10Y4/6

b6 - 80 20.7 6.6 33.0 82.1 4.9 10YR6/8 10YR5/8

80 - 75 13.6 18.b 42.6 65.6 1.8 2.6Y80/4 2.AY38/8

75 - 8b 24.6 9.8 44.6 46.2 10.2 10Y77/4 10715/8



No. Boil Type; Fhysiograpblc Pit Site Local Parent Climate Region. Coordinates Soil Depth. EL

Type of Surficial Unit/i.andfor- Material (P.u/yr) Location (Israel Grid) Horizon cm CO

Deposit

18. Loms Archaeological Ineide Loose tatrosely Southern Negev, 1464 9288 0 - 5

Site Ruln Arid Uvda Valley 1 - 25

Fill (40)

17. Takyr Soil PIlay Playa- Fine Extremely Southern Negev. 1496 9257 A1  0 - 30

Cen*er Alluvium Arid 8aI&rut Valley C1  30 - 40

(40) C2  40 - 70

18. TakT Soil Plays Plays-- Fine Extremely Southern I.cgev, 1360 892C Al 0 12

irgin/ Alluvium Arid Q& En Naqb 
0
c@,a 12 - 60

Center (36) Ccema 50 - 80*

19. Takyr Soll Playa Playa- Fine Extremely Southerm Negev, 1350 8916 A 1  0 5

Center Alluvium Arid Qa En Naqb A 3  6 - 10

(B6) 
8
2csea 10 - 20 4

83 20 -26

C 26 -40

C 40 - 60 4

20. Takyr Boll Playa Playa- Granit, Extremely Eastern Sinai, 1298 8879 A1  0 - 4

agin/ Igneous, Arid Wadi bukeibila C1  4 - 14

Center Metamorphic, (26) C 2  14 - 50

Limestone,

Sandstone

21. Solonchak Soil Plateau Plateau- Seal-arid Eastern Samarlan 1895 1646 A 1  0 - 13

Sddle (260) Mountains, A 3  13 - 30

lh&ale Efraia B2 30 - 60

B0 -100
8

2ca 100 -120

22. Solejchak Soll Plays - Fine Extremely Dead Sea. 1864 0436 0 - 2

Alluvium Arid Eta Tamar 2 - 14

(60) 14 - 30
30 - 50
60 - 74
74 -110

110 -130
130 -160

160 -180
180 -210

23. Soloncbak Soil Plays Playa- Fine Extremely Southern Arara, 1510 8965 0 - 2

Margln/ Alluvium Ard Avrona K'laya 2 - 10

Center (30) 2 - 15
16 - 26

15 - 26

42 - 36

42 - 76

: G034



Coordinates Soil Depth. Electrical GypBua, Sand, Silt. Clay, Color, Color,

r, (Israel Grid) Horizon cm CotnduC tlty, % dry wot
maho/cm

ev 4 9286 0 b 0.3 0 75.0 19.0 6.0 10YR7/8 iOYR6/5

ley lb. 25 0.R 0 72.0 23.3 4.6 10TR7/8 iOYR6/8

Negev, 1498 9267 Al 0 - 30 0.8 0 37.8 47.0 14.2 10YR7/6 OY'R/8

Valley C1  30 -40 3.0 LB6 24.7 60.3 24.9 7.6YR7/8 7.6YR6/8

C2  40 - 70 1.3 0 27.0 63.8 19.2 10YR7/8 10YR/6
.)gev, 1360 692') A1  0 - 12 6.1 1.0 0 61.3 48.7 10YR6/8 7.5'h8-6/a

Lqb Cosa 12 - 60 27.2 8.7 0 64.2 46.8 10YR6/8 7.6YR8-6/5

Ccs's&  60 -80* 29.3 8.2 14.2 49.9 36.9 10YR6/8 7.6YR6-6/6

Negev, 1360 8915 A1  0 5 6.6 - 10.8 28.0 61.2 7. 1YR7/4 7.6YR4.6/6

aqb A3  6 - io 13.2 - 9.1 28.6 63.4

B2cs.@% 10 - 20 40.0 9.1 14.3 21.6 84.1 7.6YR/4 7.6YR4/8

B3  20 - 26 49.2 4.7 12.7 26.7 00.6 - -

C 26 - 40 41.5 6.8 10.9 60.8 38.6 - -

C 40 - 80 40.8 8.3 6.6 &S.6 618.0 - -

Sinai . 1298 8679 A1  0 - 4 0.6 0 1.6 74.0 24.6 - -

olbila C1  4 - 14 0.3 0 28.6 82.0 11.0 - -

C2  14 - 60 1.9 0 36.1 47.1 17.8 - -

Saaarian 1896 1846 A1  0 - 13 0.8 - 13.2 41.9 44.9 7.6ThR/4 7.6YR4/4

In., A3  13 - 30 0.4 - 12.8 40.8 48.8 7.6YRS/4 7.6YR4/4

Efraim 82 30 - 60 4.0 - 10.4 41.5 48.1 7.6YR6/4 7.SYR4/4

S2 80 -100 6.4 - 10.0 41.2 48.8 8YR4/4 6YR4/4
8

2ca 200 -120 4.8 - 9.7 41.8 48.5 6YR4/4 6YR4/4

a, 1864 0435 0 - 2 125.8 29.8 18.1 64.7 27.2 10YR7/2 50YR8/3

2 - 14 132.1 22.6 31.0 49.0 20.0 10YRS/4
14 - 30 87.0 11.9 2.1 60.4 37.5 6Y7/3 2.6Y8/2

30 - 60 41.6 4.2 1.6 59.0 39.6 2.6Y8/2 2.6Y8/3

60 - 74 34.2 17.3 1.5 48.6 60.0 2.6Y8/2 2.6Y8/8

74 -110 32.6 4.0 8.7 66.0 40.3 2.6Y8/2 2.6Y8.5/2

110 -130 39.6 3.7 1.0 64.0 45.0 2.617/2 2.6Y7/2

130 -180 64.4 1.8 40.6 44.8 14.7 -

180 -180 43.6 4.7 2.1 69.3 8.8 - -

180 -210 48.2 2.4 9.8 69.8 31.1 - -

M -,Aava, 1510 8966 0 - 2 108.0 10.7 68.8 28.8 4.4 7.6YR6/6

Plays 2 10 53.7 3.6 76.1 18.1 7.8 7.6YR7/6 7.6YR6/6-8

2 - 16 96.n 8.9 68.7 27.3 18.0 7.5YR7/6 7.6YR6/6

15 - 26 158.8 18.2 87.8 --- 12.4----- 7.6YR7/6 7.5YR6/4

15 - 26 94.1 4.6 72.4 15.8 11.8 7.61,7/8 7.6R6/6

42 - 35 67.6 6.4 48.3 --61.7---- 7.6YR/6

42 - 7b 21.8 6.1 80.1 14.9 5 0 - 7.6YR6/8

9'



No. Soil Typo; Pbysiograpbic Pit Site Loc&l Parent, Climate Region, Coordinates Soii Depth. El
Type of Surficlal Unit/Landfors Material (P.ml/yr) Location (Israol Grid) Horizon cA Col

Deposit
...........................................................................................................................................

24. Solonchak Soil Play& Playa- Fine Extremely Eastern Sinai. 1243 8658 A 0 - 2

Center Alluvium Arid Bir Sweir Clea,s 2 - 30 1
(20) c2cm, 6. .0 - 65 1

2b. Alluvtua Active Channel Limeetone. Extremely Dead Sea. 1846 0845 0 - 2

Flond-plain Dolonite, Arid Nabal Ze'eli 2 - 17
Flint (80) 17 - 26

28. Alluvium Active Fine Extremely Southern Negev, 1478 9360 0 - 5
Flood-plain Alluvium Arid Uvda Valley 5 - 1

(40) 15 - 20

20 - 26

26 - 33

33 - 40

40 - 60

60 - 66

27. Alluvium Active - Granite Extremely Eas t rn Sinai, 1040 8100 0 - 6
Flood-plain Arid Wadi Mandara 6 - 10

(20) 10 - s0

28. Alluvium Active Channel Limastons Extremely Central Sinai, 0000 9560 A 0 - 10 1
(Saline) Flood-plain Arid Bir Thmsa AC 10 - 24

(80) Ci 24 -40 1

C1  40 -68
C1  68 -110 1

29. Reg Soil. Alluvial Gravel Limestone, Ertremely Dead Sea. 1846 0866 AV  0 - 0.6
Holocene Fan Terrace Bar Dolomite. Arid mal Zoelim B 0.6- 4.5

Flint (80) C 4.6- 3 5.6 1

30. Reg Soil, Alluvial - Limestone. Extremely Southern Negev, 1464 9709 B 0.3- 10

Holocene Terrace Flint Arid Wadl Paran BcO 10 - 17
(4G) C1  17 - 40

31. Reg Soil, Alluvial - Limestone, Est,.eaely Southern Negev. 1468 9114 AV  0 - 2
Holocene Terrace Dolomite, Arid Tian& Valley A1  2 - 3.6

Sandstoo (80) B 3.5- 8

C2  9 - 14

32. Reg Soil, Alluvial Granite. Extremely Eastern S i". 1206 8870 Al  0 - 1
Holocene Fan Terrace Igneoua, Arid Wadi Mukelbila A2  I - 2

Metamorphic, (26) B1  2 - 3.6

Limestone, 02cs 3.5- 12
Sandstone B2c e  3.5- 12

C 12 - 48

0 35!/
1. G .
t-



---------------------------------------- -----------------------------------
Coordinates Soil Depth. Electrical Cypu J. Sand. Silt. Clay. Color, Color.
(Ilrael Grid) Horizon cm Conductity. I I I dry Net,

mAho/ca

,l'l. 1243 0556 . 0 2 37., 3.6 64.4 34.1 1.6 -

Cle&.cn 2 30 66.7 4.1 87.0 30.2 2.8 -

C2cB,, 30 - 65 159.3 14.2 - - - - 6YR6/8

1846 0845 0 2 0.4 0 99.0 ---- 1.0---- -

I11 2 - 17 0.1 0 98.8 ---- 3.2 ----

17 - 26 0.2 0 97.8 ---- 2.4----

eg, 1478 9360 0 5 0.7 0 62.6 33.0 14.4 10YR7/8 10YRO/8

y - 15 0.2 0 37.8 43.0 10.2 10Y7/8 19YR/8

15 - 20 0.3 0 88.1 22.8 9.1 lOYR7/8 lOYRS/8

20 - 26 0.3 0 14.5 66.1 20.4 10YR7/6 lOYRT7/8
25 - 33 0.3 0 87.4 ---12.8 ---- lOYR7/8 lOTRS/8
33 40 0.3 0 96.8 ---- 3.2 ---- 1OYR7/6 10YR7/8
40 - 60 0.3 0 - - 10YR7/8 10YR6/8
50 - 66 0.3 0 95.9 ----4.1---- 10YR7/8 IOYR8/8

mAi. 1040 8100 0 6 0.2 0 87.5 10.6 1.9 -
r 5 -10 0.2 0 88.1 12.3 1.7 -

10 - s0 0.1 0 96.8 ---- 4.2----

nali. 0000 9660 A 0 - 10 10.9 0 88.2 9.9 1.9 IOYR7/4 10YR8/4
AC 10 -24 39.1 0 90.9 7.2 1.9 -

C1  24 " 40 18.9 0.2 95.8 2.2 2.0 -

C1  40 - 58 14.6 0.1 96.6 3.3 1.2 -

C1  66 -110 14.0 0.3 95.6 3.0 1.4 - -

1846 0856 AT  0 - 0.5 1.4 0.2 18.6 83.3 18.2 10YR7/3 10YR8/4

a11.. 8 0.6- 4.6 2.1 0.2 32.0 48.7 19.3 7.bYI7/6 7.BYRG/

C 4.6- 35.6 16.6 8.4 42.1 52.9 6.0 IOYR?/4 10YT8/4

leogg, 1464 9709 B 0.3- 10 8.8 1.4 28.8 56.3 16.9 IOYR7/8 10YR86,'8

1cm 10 - 17 6.8 31.4 88.1 26.9 8.0 -

C1  17 - 40 7.3 10.6 92.4 ---- 7.8---- -

lege , 1468 9114 Av 0 - 2 0.5 0 84.9 13.4 1.7 - -

-417 A1  2 - 3.6 2.4 0.2 46.2 38.0 18.8 - 7.6YR8.5/4

8 3.5- a 10.9 - 88.9 23.0 10.1 - 5YR4.5/8
C2  0 - 14 9.1 1.7 80.8 17.2 2.2 - -

.nia, 1296 8870 A1  0 - 1 0.7 0 69.2 32.8 8.2 lOYl7/4 10YR8/4

.bla A2  1 - 2 1.4 0.2 28.7 65.8 17.7 -

81 2 - 3.6 1.0 0 90.1 7.1 2.8 SYiL6/8 6YRS/7

B2cv 3.6- 12 8.6 1.9 93.8 5.1 1.3 7.5YR7/4

12c,, 3.5- 12 0.4 0 87.6 9.6 2.9 -

C 12 - 46 7.1 0.4 93.0 5.2 1.8



No. Soiu Type; Pbyalograplic Pit Site Local Parent Cllmat4 Region, Cooldlnatee S(,Ij Depth, El
TTp of Surficlal UnIt/Landform Material (P~ma/yr) Location (Israel Grid) Horizon ca C
Deposit

33. Rog Soil. Alluvial Channel Sandstone. Etremo ' Eastern SInAI, 1170 WOAt A; 0 - 3
Holoene Terrace Granite Arid Wsl1 IQ,...t 9k; 3 8

(20) C e 30

RS  30 - 0

W. Rog SolI, All-uva. Llaoetone. Extremely Central Megev. 1330 0040 A1  0 - I
PlOIstocena Terrace Doloalte. Arid Nkhtsoeh Ramon 13 - 13

Sandstone (60) C. 13 -20
C2  20 -50

35. Rog Sol, Alluvia) Limestone, Extremely Arava Valley, 1768 0182 A 0 - 1
Pleistocene Torrace Flint Arid HatzOv& Boa - 6

(80) 6cs - 12

Bea a - 20

Coa 20 - 32 1

Ct  39 - 62

%Ce 52 -i00
C2  100 -117

C3  117 -135

38. Reg Soil. Alluvial Limestone, Extremely Soutbern Negev. 1480 9738 )v 0 - 3
Plelstaocsne Terrace Flint Arid l&dl Paran Bi1  3 - 13

(50) C. 18 - 42
ca 42 - 62

37. log ol, Undulating Plateau- Limestxmo, Extremely Southern Negev, 1613 9487 A' 0 2
Pleistocene Hill Hillelope Flint Arid Natal Hlyyon A3  2 - 6

Crest (60) B2cs 6 -21

B3cs 21 - 38

B3 as -50
C1 ,3 10 - 78

C]I 78 - 94
C Ic, 94 -126

Cl-. 126 -150
9
b 160 -170

88. log soil, Alluvial - Limeston, Extremely Southern gev, 1500 934b1 A 0 - 3
Pleistocene Terrace Dolomlte, Arid Qetura B; 8 - 8

Flint C60) B2cs B - 15

82co 15 - 22
B3ce 22 - 38

C I  
s88 - 53

C1  63 - 78
C1  76 -102
Cl1 ,C 102 -126
C1  126 -140

C 36



Coordln.tem SoIl r'eplh. Electrical Cypis", Sand, Silt. Clay, Color, Color,

(Israel Grid) Horlo-.n cm Conductivity, % % dry wev,
-aho/cm

. 1170 834,, Ai - 3 0.o 0 43.8 4b.9 "G. 3 7. bYR8/8 7.6YR7/8

BC .3 - 5 0.2 0 8.0 12.1 1.9 7.EYRI/8 7.5YR8/8

C 3 - .C .. . 98.4 ---- 1. . ----

R . - 50 0.2 C 96.0 -- -- 6.0 ----

M6,e 1330 004c - 3 8.5 0.8 43.7 43.3 13.0 OYR7/6 10YR0/6

WtaoD B 3 - !3 ;1,2 0.6 32.2 66.6 12.3 IOYR7/B l0YRf/8

C1  13 - 20 12. 2.3 45.7 47.3 7.0 -

C2  1o - 50 E3.0 5.5 4Q.3 41.2 9.6 -

11e7. 1768 0182 A 0 1 41.2 0.9 47.0 43.7 9.3 IYli7/?- i.YA./8

Be& 1 - b 64.9 0.2 50.0 43 A 54 7.6YR6/8 7.5YR6/8

bc - 2 121. 29.2 57.8 23.7 18.4 -

Be& 12 - 20 88.5 8.1 83.2 12.6 4.3 - 7.5YR5/8

CIA 20 - 39 111.B 20.7 87.4 13.8 18.B 10YR8/1 lOYR7/3
C! M - S _1 P. 1 2.4 8.1 8.. 1-YR7/3 IIYRO.5/4
Cc b2 -100 37.0 g.. 74.7 11.0 14.3

C2  100 -2*7 48.0 7 7 04.4 4.8 0.8

C3  117 -135 72.7 .: 5.8 2.2 2.2

Negev, 1480 0738 AT 0 3 38.1 1.5 34.1 64.7 11.2 iO"R7/4 10YR7/8
BC' 3 - 13 21.3 1.6 34.9 54.2 10.9 10YR7/8 10YR6/8

C 2  "3 - 42 19.2 11.2 60.3 ,0.9 8.8 7.5YR8/8 7.6YR5/8
C 3  4 - 62 33.6 9.9 73.4 --- 28.7----

Ngev. 1613 w467 A, p 2 22.0 - 38.3 38.4 26.2 bOYR7/4 10YRf3/4

"on A3  2 - 6 3!.2 1.4 63.4 34.8 12.3 7.6YR7/4 7.6YR6/6

B2ce 6 - 21 47.3 18.9 47.6 38.1 14.2 6mRO/0 6Y4/6
Bscs 21 - 38 45.2 20.6 47.2 38.8 14.0 7.6Y'R/8/ 7.6YR6/6

B3 38 - 50 49.0 16.2 45.4 39.6 16.1 -

C, 50 - 78 32.2 19.4 26.4 31.2 43.4 - 7.EYR6/6

Clcm 78 - 94 58.1 24-6 31.8 42.8 25.4 7.6YR66/ 7.5mR5/6

CC1 94 -128 53.1 21.1 38.8 48.4 12.8 - -

CAcS 126 lbO 33.9 6.7 31.2 62.0 6.8 - 7.5Y1R7/4

Ib 150 -!70 70.7 6.5 61.8 27.6 11.1 6Y]R4/8 5YR4/8

Igev. 1580 9348 A 0 - 3 8.2 0.4 46.8 38.4 14.8 7.6yR8/8 7.6YR8/6

B 2  3 - 8 ^28.0 0.8 66.2 30.4 14.4 7.6YR7/4 7.6YR5/8
2c I  8 - 16 48.8 19.6 44.0 34.8 21.1 -

92cs 16 - 22 44.8 19.2 49.2 38.0 12.8 7.bYR7/4 7.6sy1/6

B3cs 22 - 38 3.6 14.8 64.8 28.4 8.8 7.5YR7/4 7.6YR/O
Clcs 38 - 63 47.1 13.6 72.0 20.8 7.2 7.6YR7/4 7.6YR5/
C1  53 - 78 48.6 7.1 83.2 10.8 6.0 -

C1  78 -102 60.2 2.0 71.2 23.2 5.6 7.5YR8/6 7.6YR4/8

C1c ,,. 102 -126 37.7 9.8 64.8 27.2 8.0 lOYR7/4 1OYRb/6 At

C 1  126 -140 61.8 10.4 62.0 39.2 8.8 101R7/4 10Ymb/s

- - 4-..| . 7z-



No. sol Typs; Pbyvographic Pit Site Local Parent Clmate Region. Coordinates Soil Depth. EloC

Type ol Surficial tMat/.Ladfori Matrial (P.M/yr) Location (Israel Grid) HorLon Cn Cond

Deposit an

89. leg Soil. Alluvial - Limestone. Extremely Southern Negev. 1447 9094 AV 0 - 2 11

Pleistocene Terrace Dolomite, Arid Timna Valley B1  2 - 20 14

Sandstone (30) B2  20 -60 37

C1  60 - 90 22

C2  
90 -110 26

40. leg Soil. Alluvial Granite. Extremely Eastern Sinai, 1173 834 A, 0 - 2 12

Pleistocene Terrace Sandstone Arid Nadi Kbuweit B 2 - 15 16

(20) C 15 -70 26

41. Reg Soil. Plateau Flint Extremely Central Sinai, A1  0 - 3 o

Pleistocene Arid A2  3 -9 34

(30) Bg - 19 46

B2cs 19 35 8e
B3|a.cs - 47 182

Cleo 47 - 75 24
Clcs 76 -100 48

42. Reg Soil, Plateau Plateau- Limestone. Extremely Central Sinai, 000 966 A 0 - 7 10

Pleistocene Divide Flint Arid B2sa 7 - 18 36

( 0) 
9 3sa 16 - 26 a
aCoA 26 - 39 SE

CIS& 89 - 60 3

tico so - 80 2e

C1  80 - 95 22

C1  95 -120 2

43. Rlg Soil, Paved Talus Lower Doloite. Extremely Central Negev, 1328 0042 Al  0 - 6

Plelstocene Talus Limestone Arid Makhtesb lamon C1  G - 25 12

(60) C2  25 - 50

44. US Soil, Alluvial - Limestone, Extremely Northern Neg.e, 1626 0332 AV

Tertiary Terrace Flint Arid ZIn Valley BI 2 - 10 2E

(70) B 10 - 16 ii

BC 16 - 40 11
Bbcs 40 -150 1E

45. Reg Soil. Paved Talus Center Basalt Extremely Central Negev, 1356 9977 Al  0 - 1

G 37



Coordinates Soil Deph. Electric&l Gypum. SaMd. Silt. Clay, Color, Color,

(Israel Grid) Horlzar, ca Conduct.lvity, I dry wet
maao/c.

. 1447 9094 0 - 2 11.1 1.0 47.9 40.2 11.9 7.56YR/6 7.6YR5/8

B 2 - 20 14.6 1e.9 6.U.1 43.8 3.1 7.6YR7/4 7.6Y 6/8

B2  20 - 80 37.2 7.6 85.7 28.2 6.1 5'RO/B BYR/6

C1  60 - 90 22.6 3.2 74.2 20.4 6.4 5Th6/4 5Y26/8

C2 90 -110 26.6 2.2 62.3 12.3 5.6 7.6Y16/8 7.6YR6/8

1. 1173 8348 A, 0 - 2 12.9 0.4 42.9 46.1 11.0 7.6Y, /4 7.6SY8/6

B 2 - 15 15.6 0.9 71.1 20.8 8.6 7.6Ym7/8 7.SYR6/8

C 15 70 26.8 7.2 84.5 13.2 2.3 -

1, A1  0 - 3 9.4 0.1 62.4 86.4 11.3 10YR7/3 10P,6/5

A2  3 - 9 34.9 0.8 67.5 26.9 6.3 10YR7/3 10YR6/4

S 9 - 19 46.0 0.7 73.9 20.6 6.6 7.6Y,/6 7.6YRG/6

Bc 19 - 36 88.3 13.4 68.6 21.8 11.7 7.5TR6/6 7.6Y16/6

Bamagcu 36 - 47 182.8 9.3 41.8 36.9 22.2 7.YR6/4 7.6Th6/6

Clef 47 - 76 24.6 43.0 - - - loYRt8/3 lOYRB/4

C1 . 76 -100 48.1 2.4 - - - 10YS/$ 10YfT/4

1, 000 966 A 0 - 7 10.0 0 71.3 14.4 14.3 10hY6/4 10YR5/4

B2,a  " - 16 36.1 0.8 63.3 42.6 4.2 5'R4/6 6YR4/5

836a 16 - 26 38.5 1.2 64.8 21.9 13.2 - SYR5/6

BCs4 25 - 39 65.4 6.2 58.7 24.2 17.0 7.BYR7/4 7.6YR6/6

Cl8& 39 - 60 38.6 10.2 62.6 21.9 16.B 10787/3 10mYG/6

Clce 60 80 26.5 !6.7 60.6 17.4 22.0 - -

C1  BC - 96 22.8 8.1 75.7 14.8 9.6 7.6YR7/4 7.5Y8/6

Cj 95 -120 23.9 1.5 77.6 11.0 11.4 7.6YB/6 7.5Y.616

v, 1328 0042 A1  0 6 6 2.3 0.8 47.4 40.2 12.4 10hY7/6 1OYR6/8

C1  5 - 26 11.3 1.2 41.9 39.8 18.3 10YR7/5-S l0YRG/8

C2  26 - 60 7.5 3.8 46.1 40.8 18.1 7. 627/6 7.6Y37/6

;ev. 1625 0332 A,

S  2 - 10 28.6 1.0 16.8 71.6 11.6 -

B2 10 - 16 12.6 6.9 16.6 60.C 23.9 - -

BC 16 - 40 11.9 8.6 12.2 565. 32.3 - -

Obcs 40 -160 18.0 28.4 41.6 34.6 24.0 - -

Ov. 1366 9977 A1  0 - 1 6.6 0.8 40.6 61,9 7.6 10YR8/8 10Y6/8

A

94

= =



--------------------------------------------------------------- -----------------------------------------------
so. Soil Type; Phyelographic Pit Sit Lccal Parent Climate Region, Coordinates Soil Depth,

Type of Surtlcial Unit/Lad doru M&torl&l (P.W/yr) Location (lirael Grid) HrtZOfl Cm
Deposit

48. RE Soil. Alluvial - Liaestone. Extremely Southern Negev. 1248 8864 AV 0 - 3

(age?) Terrace Flint Arld Sda Etzyoi. B, 6 - 10
;36) :o - 20

B3  20 - 30
cc$ 30 - 60

cc$ 70 - 76

47. lq Soil. Paved Talus Upper Limeston. Ertroealy Eastern SIntA, 1233 8555 B,& 0.2- 6
(age?) Talus Flint Arid 1&41 El Waib C6l 6 - 25

(20) C2c* 26 - 76

48. Be=ud soil Plateau Plateau- L1.estne Aid Central Negev, 1166 9743 Al 0 - 3
Hillolope (100) Mount Sagi se 3 - 7

Crest. C2c 30 - 40

49. 3amada Soil Rocky - Lisestome Arid Central Negev, 1165 0743 A1  0 - 10
Hillslope (100) Mount Sgl

60. Baada Soil Plateau Plateau- LimIstoan Arid Central egev,. 1128 9912 A1  0 - 10

Hillolope (100) Mount Lotz
Crest

S1. somad& 8o1 Hillolope Plateau- Dolalita e ]trmely Central Negev, 1457 9921 A, 0 - 1

Billlope Arid dlamlsbar B 1 - 10
Crest (80) BC 10 - 28

Be$ 28 - 60

62. Boada Soil Plateau Plateau- Dololte, Ertrely Southern Negev, 1416 117 C.. 5 - 40
Hillelope i.mestome Arid Mount Berekh

Crest (35)

6U. Ltbovol Ubdulating - Calk Arid Judean Desert, 1729 1082 AT 0 - 2

Hill (90) mitzpea Bamo B 2 - 22

Cleo 22 - 44
Cleo " - 54

54. It, Ol &111slop - Chalk Arid Northern legev. 1270 0310 A 0 - 38

(95) .4e Boker C 36 - 80

iC

1*



Rlegion. Coordinates Soil Depth, Electrical Gypsum. Sand. Silt. Clay. Color, Color.
T) Location (Israel Grid) Horizon cm Canductivity. % 1 1 1 dry Wet

naho/ca

A7 Soutern Negev, 1246 8864 AT 0 - A 6.0 0.4 61.07 34.66 14.27 -
Sda Etazyon B1  S - 10 9.0 0.7 67.07 32.71 10.22 -

B2  : - 2C. 9.5 1.5 68.42 27.32 14.26 -
B3 20 - 30 1L 1 2.2 61.83 26.66 11.62 -
C# 30 - 60 10.1 2.2 66.41 25.19 8.40 -

cc@ 70 - 76 ...1 4.2 69.63 ---30.37---- -
ly Easter Sinai, 1233 86E6 FIG n 2- r 2 .8 1.8 3i.7 61.6 16.A 7.6YR6/8

Nadi El Qsaib Cice 6 - 26 17.1 16.3 - - - 7.6Y7-8/8 7.6y8R/a

C2c 26 - 76 44.6 14.3 - - -

Central Negev, 1156 9743 A1  0 - 3 17.2 0.9 38.3 50.2 13.6 !OYR/6 10YR7/8
mount Sqil BcO 3 - 7 23.6 16.8 30.0 48.1 23.9 10YR7/8

C2cs 30 - 40 18.3 23.6 - - - OYRS/6 -

Central Igev, 1165 9743 A. 0 - 10 0.6 0 32.6 61.0 18.6 10YR8/4 -
Mount Sagi

Central Negev, 1128 9012 A1  0 - 10 0.4 0 29.3 60.2 10.6 10YR7/4 loYR8/6
mount Lotz

17 Central Negev, 1467 9921 A7  0 1 20.8 67.5 11.7 10YR7/3 -
Maaelahar B 1 - 10 20.5 83.0 16.6 7.6YO/8 -

BC 10 - 28 83.4 48.5 19.9 7.6YRO/4 -
6c1 28 - 60 26.8 23.1 61.1 - -

.Y Southern Neger, 1415 9117 CcE 6 - 40 29.0 6.7 39.0 49.6 11.6 7.5Y.8/8 7.6YP1/8
Mount Bertk

Judean Desert, 1729 1082 AT, 0 - 2 16 - 38.1 37.8 24.8 10I17/4 10YR6/8
Mitzpe jAJAon B 2 - 22 2.1 - 41.9 39.8 18.6 7.57R7/4 7.6YRS/6

Cl0. 22 - 44 - -.9 - -

C1¢c 44 - 64 17.7 13.6 18.7 38.4 42.9
Northern Negev, 1270 0310 A 0 - 86 1.0 3.5 29.3 41.1 29.0 10Y8/4 10Y7/4

d<o Boker C 36 - 60 0.8 1.4 26.0 39.8 83.6 - -

A



No. Soil Type; Pbyeiographic Pit Site Local Parent Climate Region, Coordluatea Sol. Depth
Type of Surficial Unlt/Landform Material (Pmm/yr) Location (Israel Grid) Horizon cm
Deposit

65. Litbogol Hillslope Center Chalk Arid Northern Nego,. 1270 0310 A 0 -

Hllselope (95) Sde Boker BC 30 - t
C, 65-

C2-9 70.

56. Litbosol Hillslope Center Chalk Arid Northern Nege,. 1270 0310 A 0
Hillelope (95) Sde Boker C. 20

C2 35 -

67. Serozan Soil Alluvl Coarse Arid Jordan Valley 1963 1467 Al 0
Terrace Alluvium (130) A3  10

AC 26

Ci. 1  62 -1

C1ce  101 -1

C1C5 124 -1

CII 138 -1

C1,* 157 -1
I:2 174 -2

I:2 219 -2

8. Seroze. Poil Plateau Plateau- Flint Modorately Judean Desert.. 1784 104b A 0 -

Hillelope Arid Ria En Nag 
9 2ca  22 -

Crest (230) 22cu 40 -

B3CB 60 -
DCce 71 -
''Cc. 98.

69. Gravelly Regosol Sieve Deposit Upper Igneous, Extremely Southern Negev, 1466 8286 Cl  10 -

Talue Talus Acid Volcanic Arid MVomi. A raa C2  30 -
(30)

60. Gravelly Regovol Sieve Deposit Center Igneous, Extremely Southern Negev, 1465 8985 6 -

Talue Talus Acid Volcanic Arid Mount. Araa 27 -

(30)

61. Gravelly Regosol Sieve Deposit - Igneous, Extremely Southern Negev. 1463 8976 A, 0 -
Talus Acid Volcanic Arid Mount Amram C1  30 -

(30) C2  70 -

C2  96 -1

02. Gravelly Regosol Sieve Deposit Ceter Granite, Extremely Eastern Sinai, 1288 8850 S 40 -
Talus Talus Igneous, Arid Vadi Mukeila S 60 -!

Metamorphic, (25)

Limestone,
Sandstone

G 39

E _

____ - - -t~~



kegon Coordinates Sol DOept. Eectrical Gyps.m, Salnd. Silt. Clay. Color. Color,

, n (Israel Grid) Hora~. cm Conductivity. % dry wet

aM.i ' ca

.oh~rn e, 1 213 0310 A k C.b 41.7 22.2 28.7 10YR7/4 101-R/4

.i . Wer 3, b. lQ.3 0.6 28.b 18.6 62.9

12 5.3 C.6 33.4 1/.4 42

C2ca 7u, 11.0 2.2 22.7 23.6 66.8

hort.herrn egev. 1270 u310 A 0 - 20 C.4 - 43.6 24-I 32.3 16Y-R7/4 IOYR5/4

File a ker C. 23 - 15 1.3 44.9 17.0 38.1 iOYH7/4 I OYR/4

C 2  3t- 60 2.8 - 47.7 J4.b 38.7 IOYR8/4 1OR7/4

Jordan Valley 1963 1487 A 1  0 - i0 41.0 - r9.2 17.8 20.7 IOYR//3 i0VRe/ 4

A 3  10 2b 37,0 0.1 42.2 21.8 33.6 10YK7/3 i0YR8/4

AC 26 - bO 3b.9 0.2 32.4 22.8 42.1

C cS  60 - 82 28.0 2.4 22.2 32.0 41.0

Ce C2 -101 24.4 2.8 26.4 30.8 39.4

Clc :31 -124 28.7 3.b 10.0 40.0 64.7 &RB/2 5R7/2

CIC I  124 -138 21.3 3.8 24.0 32.4 38.0

C 1cs 138 -i57 29.4 3.7 34.0 26.4 34.4 iOYR8/3 1GYR/3

cc I  11 -174 21.0 3.7 43.8 ic.2 2L.2 5Y8/' SY7/2

IIC2  174 -219 27.3 3.8 .3.2 28.0 35.7 bYB/2 hY7/3

TIC2  219 220 23.2 3.8 17.8 30 2 48.4 E.Y6/I EY7/2

; D v;. : , 1764 1046 A 0 - 22 1.0 - 0.8 42.0 27.2 I0YR8/4 7.65T6/0

Ruju n ia 82c a  22 - 40 3.4 - 14.7 48.8 38.6 7.SYRI/4 7.5YR6/4

8
2ca 40 - 80 8.8 0.6 19.8 35.4 43.8 7.5bYRt/4 7.5YR5/4

8
3ce 6 - 71 17.2 23.0 17.8 33.1 49.3 7.5YR6/4 7.YM5/4

)cia 7! - 98 20.8 23-0 23.7 31.3 46.0 IOYR7/4 10Y6/4

I1Cc1  '8. 0.2 44.0 26.0 57.b 7.bYR7/2 7.5YRS/4

&oii2ern Ne , !466 82f8> Cl 10 - 30 15.8 1.8 47.7 12.0 i0TR8/8 IOYR6/8

Wo uL AarM C2  30 - 60 2.9 2.b 66.8 4.8 IOYU/ IOYRb/8

2',tbor-n m.gov. 1485 eQHb 5 12 0.3 C 60.5 40.4 6.1 IOYH7/6 7.bYR5/8

WoLPt A 'r& m - 42 0.2 0 51.2 43.0 6.8 10YR7/8 icykb/6

Soutterr ev, 1463 897G Av  0 - 2 0.4 C 50.8 42.7 8.7 10YR7/8 I '11R5/8

blUnt Azraa C1  30 - Sn 0.3 0 61.1 38.9 10.0 10Ty6/6 1It5/8

C 2  70 - Ob 17.4 2.1 608.5 24.3 7.2 10YR5/4 IOY4/

C 2  9o 136 17.4 3.3 66.5 35.0 8.6 10786/4 ",bTb/'4-
6

Eaptern S9nra, 1298 8860 8 40 - 80 1.2 1.8 66.9 27.b 5.68

IadJ " tJeb1l S 80 -100 31.8 3.2 61.2 31.0 7.0

I II I .4:



No. Sol' 
T
ype: Pbyslrpblc Pit Site Local Parent Climate Region. Coordinates Sol Depth.

Type of Surflclal Unit/LAndform Material (P.mm/yr) Location (Israel Grid) Horlzon cm
Eeposlt

. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . .. . . . . .. . . . . . . . . ... . . . . . .

63. Dune Said Active Dune o Sand ArA Vesturn Noge1. 1003 0460 1 3
(ICO, M ,unl_ keren

4 1 C' " 4I2
2 100E 0460

6 1003 u460

64- Dune Sand kctlve Dune - Sand Extremely Arav& Valley. 1587 9242 0 - b

Arid Yoivata
(32)

66. Alluvial Sand Undulatlng Plateau- Sana Semi-arid Western Negev, 1003 0921 A 0 - 48

Hill Dilvide (325) B*'erl BCa 48 -108
C1  106 -136
C2  138 -180

66 Alluvial Sand Undulating - Sand Seal-arld lestern Negev, 0948 0916 A 0 - 25

Hill (300) Klamofla 
8
ca 26 - 73

Bca 73 103
Cic &  103 -143

Clc& 143 -210
C 2  210 -260

C2  280 -300

67. Alluvial Sand Hillelop- Plateau- Sand Seal-Arid weatern Regav, 0947 0916 A 0 - 31

Hillslope (300) Kiesotla Bca 31 - 80
Crest C, 80 -101

C2  101 .176
0. Saidy Regosol Stabillze - Sand Moierately Western Negev, 0726 0726 A 0 - 40

Dune Arld Yalt Cica 40 -100
(180) CICa 10 -140

C2  140 -190
C2  190 -260

69. '" Aluvl&I Alluvial Fan Upper Coarse Seal-arid Jordan Valley, 1918 1616 A 0 - 17

iol Fn Alluvium (250) 1atLael 92ca 17 - 44
1
3pca 44 - 70

B2ca 70 -112
C 112 -160

70. Brown A!luvial A:luvl&1 Fan Upper Liean MarI ArId Jordan Valley. 1g21 1381 0 - a
Soll Fan (160) 8 - 24

24 - 62

62 -1lb

116 -122
122 -144

G 4(.

=(



ton. CordJ nato a S-1l Depth. Electrical GypC JA, Sand0 Silt. Clay. Color, Color,
aon (Israel Grid) Hor! ion cir Conductl vty, % % I dry we.

Sabo/cm

:303Q460,) - 3 0. 0 99.4 .-- 0.6 ...

1303 ,, - C.4 0 99.4 ---- 0.8---
1006 0453 0.2 0 C2.9 ---- 7.1 ----

.003 0480 C-.b 0 98.8 ---- 1.2 ----

TVailey. 1667 9242 C b 0.8 0 97.4 ---- 2.6 ---- 7.f1YR6/8 7.5,R7/6

va I

ern Negev, 1003 92l A 0 - 48 CA - 71.1 18.9 10.0 10YR8/4 10TY6/6
9ea 48 -ics 0.3 - 71.4 19.8 8.8 QYR5/4 10Y4/8

C, 13 -138 0.3 - 8.89 6.4 4.7 10YR6/4 !OYl5/8
C2  136 -:80 0.-: - 94.8 2.8 2.6 1OYRiI/4

.em Negev, 0948 09:6 A 0 - 28 0.4 84.4 8.8 8.8 10hY5/4 10Y84/4
VCf' Bca 28 - 73 0.3 - 83.3 9.7 7.0 IOYR8/4 0YRS/4

Bc& 73 -1 3 0.3 - 91. 4.6 3.9 "YR&/8
103 -143 0.3 98.7 1.6 1.7 IOYR8.5/4 IOYR5/8

Cc& 143 -210 0.3 98.1 0.6 1.4

C2  210 -280 0.3 - 97.8 2 . 0 1.4

C2  260 -300 0.3 - 97.0 1.7 1.3

,a.n Ngov,, 0947 0916 A 0 - 31 0.3 80.0 11.1 8.9 1OYR8/4 lOY25/4
Bs't& 31 - 80 0.3 83.7 9.1 7,2 10Y8/4 10YR6/8
c I  80 -iO 0.2 - 93.7 3.0 3.3 10YR8/4 i OY-R6/8
C2  101 -176 0.2 - 08.7 1.9 1.4 1OYR6.6/4

.er7. Nsgsy, 0726 076 A C - 4') 0.3 - 88.2 8.2 L.8 OYR'//4 10YR6/4

Ci 0  40 -100 0.3 - a4.3 8.6 7.1

C1ca  100 -140 0.2 - 88.0 7.6 0.6

C2  140 -190 0,2 - 90.8 4.7 4.6
C2 190 -2FO 0.3 84.2 10.8 6.0

dan Valley. 1918 1611 A C - 7 1.8 - 02.0 22.0 18.0 10RY7/3 10Y5f/4
lao 92ca 17 - 44 1.4 - 49.0 29.0 22.0 7. ETR8/4 7.6YR6/4 -

B2ca 44 - 70 0.8 - 69.4 22.0 18.6

82c &  70 -112 0 9 - 72.0 13.6 14.4 7.AYR8/4 7. Y85/4
C 1i2 -160 2.0 - 78.4 10,6 10.9

W. Valley, 19211 1381 0 - 8 2.0 76.0 12.2 11.7 10Y'27/3 10YR8/4

24 2.1 83.8 23.0 13.3 10hY7/3 10YRB/4

24 - 82 2.0 - 79.8 9.8 10.5 10hY7/3 1OYRO/4

82 -11b 6.0 81.0 10.0 8.8 10YR7/3 1OYR6/4

115 -1:12 7.8 - 61.2 26.4 22.9 10Y8/3 ICYR7/3

122 -144 10.7 bb.4 23.0 21.1 i1YK7/J IOYR&/4

AL-



No. Soil Typ; PhyslographLc Pit Site Local Parent. Cllimate Reglon. Coordinates Sol! DeptL.

Type of Surflclal lnlt/Landfor Material (,mu/y-) Location (Israel Grld) l1brizon CI

Deposit

71. Brown Alluvial Alluvial Lower Liman Marl Arid Jordan Valley. 1942 13b8 0 - 1

Soil Terrace Fan (130) 10 - 3
;j9 -
63 /

76 - 9

90 -!O
108 -17

72. Brown Alluvial Alluvial Fan Liman Marl Arid Jordan Valley, 1935 1330 A 0 - i

Soil (150) C1  19 - 4

C1  40 - 7

C1  76 -ic

C1  107 -14

CCA 140 -1f

TIC2  153 -18

73. Grunumul Hillelope Semi-arid 9,stern Xegae 1078 1018 A 0 - is

(400) B1  16 - 30

B2 30 - 6?

!2 67 -120

E2ca 120 -168
B2c& 160 -20

74. Grummaol Plateau Limestone Semi-arld Eastern SaLariLn 1888 1665 A 0 - 10

(360) Molantao , . B 1  10 - 40

Ma'ale EfraIm B2 40 - 75

82 76 -126

B2 126 -106

B2 166 -200

76. Grumicol Active - Fine Moderately Jordan Valley 1982 1703 A. 0 - 4

Flood-plain Alluvium Arid A3  4 - 21

(200) B2 21 - 46

b2 46 - 80
B2  80 -120

b'3 120 -163

041

o. I



Coord Inate* S"i. Depot. Electrical Gypsum. Sand, Slit. Clay, Color. Color,
itlon (lrael Grid) Hcrlznn cm ConductivILty. % d r wet

anhu/c®

ia: alu'v. i42 l 5 C - 10 6.1 60.2 27.2 12.4 10YR8/2 10YR7/3

io - 30 31.7 - 68.0 25 0 16.7 10YR7/3 10YR6/4
- E3 31.7 - 78.2 12.4 8.1 10YR7/3 IOY88/4

63 - 78 28.4 - 94.0 4.0 1.0 10Y8/2 10YR7/2
78 - 90 23.6 - 93.0 3.8 2.2 12YR7/2 IOYR8/3

9.3 -108 22.7 - 32.4 37.8 27.9 1OYR/2 1CYR7/1
!08 -170 34.0 30.0 42.2 24.6 10YR8/3 lOYR8/3

Ian Valley. 1931, 1330 A 0 - 19 18.8 88.4 19.4 11.6 10YR7/3 1OYR5/4
C1  9 - 4( 19.4 70.2 20.0 8.1 10Y7/3 10YR6/4

C: 40 -- 76 20.4 - 74.8 18.8 5.8 10YR7/3 107R8/4

C1  75 -107 !1.8 - 74.4 18.4 8,4 01YR7/3 1 0YR8/4

C. 1-- -340 .;.3 71.8 18.0 11.7 10YR7/3 10YR8/'4
cc& 140 -163 11.3 22.4 51.2 25.2
I1¢2 113 -180 14.R - 13.2 51.2 34.5

ern Negev 1078 1018 A 0 - 16 O.A 23.8 33.9 42.3 7.570.5/4 7.6YR4/4

BI 18 - 30 0.4 21.4 34.7 43.9 -

82 30 - 87 0.6 20.4 34.8 46.0 ".67R6/4 7.6YR4/4

82 67 -120 1.7 - 18.0 33.4 60.8

B2 & 120 150 3.0 15.4 33.2 61.4 -

B2c. 180 -200 3.0 - 13.0 32.7 63.4 5TR4/4 bYR4/4

.ern Saaart n 55 188 A 0 - 10 0.4 - 9.1 31.3 69.6 57R4/4 5YR4/4
itar,,, B. 10 - 40 0.3 - 10.4 28.6 81.1 5YR4/4 6Y4/4
Ile Efrlim B 40 - 76 0.3 - 10.0 31.0 52.0 -

B 76 -126 0 4 - 8.1 31,4 60.5

22 126 -166 0.9 - 6.9 32.3 61.8 5YR3/4

B2 186 -200 1.0 - 8.4 30.4 81.2 57Y03/4 6Y3/4

Lan Valley 1982 1703 A1  0 - 4 2.0 - 43.4 18.4 38.1 10YR6/4 IYR4/3

A3  4 - 21 0.6 - 38.2 21.4 40.4 10YR6/4 1.0YR4/3

H2  21 - 46 0.6 - 24.4 32.4 43.2 7.6YR4/4 7.6YR4/4
8; 46 - 80 0.8 - 24.0 32.8 43.4 7.67R4/4 7.6Y4/4

9 2  80 -120 0.9 - 22.2 33.8 43.9 7.BYR6/4 -

83 120 -160 1.8 - 26.4 34.4 40.1 -

i -



TABLE G.2.2

ADDITIONAL SOIL PROFILES INCLUDED IN THE REPORT -
SOIL TYPES, LOCATION, NUMBER OF PROFILES.

Soil Typel Type of Physlographle Unit4 Region; Location Coordinates No. of
Surflelal Deposit Landform (Israel Grid) Profiles

Loessial Soil Hillolope Vestern Negev 0913 0822 1
Hillslope Northern Negev, Sde Baker 1270 0310 1
Eolian Plain Northern Negev, Sde Baker 1306 0309 1

Brown Loesalal Sofl Hillslope Wstern Negev 1165 1184 1

Light Brown Loessial Hilislope North Eastern Negev, Qriot 1609 0818 1
Soil Hillslope North Eastern Negev, Qriot 1624 0835 1

Hillslope North Eastern Negev, Qriot 1623 0830 1
Hillolope Wstern Negev 1124 0050 1
Badlands Vestern Negev 1012 0938 1
Alluvial Terrace Nkatern Negev 0995 0897 1

Loessial Serosem Soil Undulating Hill Northern Negev, Tel Arad 1624 0751 1
Hillslope Northern Negev, Tel Arad 1589 0764 1
Hillslope Northern Negev, Tel Arad 1605 0762 2
Hillalope Vstern Negev 0972 0828 1
Hillslope Northern Negev, Sde Boker 1270 0310 1
Eolian Plain Northern Negev, Sde Baker 1310 0305 4

Loess Archeological Site Central Negev, Makhtesh Ramon 1440 0016 1
Loeus Archeological Site Northern Negev, Tel Arad 1620 0767 1
Loess Archeological Site Southern Negev, Uvda Valley 1464 8286 1

Takyr Soil Playa Southern Negev, Qetura 1560 9397 1
Playa Southerr. Negev, Qa En Naqb 1350 8915 1

Solonehak Boll Alluvial Fan Dead Sea, Ein Tamar 1845 0440 2
Plateau Divi,'.a Eastern Samarian Mts., Ma'ale Etraim 1890 1640 1

Jordan Valley 1972 1343 1
Playa Jordan Valley 1935 1587 1
Playa Southern Arava, Arvona Playa 1510 8956 2
Sabkha Eastern Sinai, Wadi Khumeira 1325 8704 3
Playa Eastern Sinai, Bir Sweir 1243 8556 2

Colluviutn Colluvial Ifillslope \Wstern Negv, Mount Qererl 1005 0460 1
Debris Flow Talus Eastern Sinzii, Magrish 1305 8690 1

_ I



SOil T*YPe, Type Of Physlograplle Unit, Region; Location Coordloiates No. ofSurflelajl Deposit~ Landform 
(lIsrel Crid) Profies

AlluYlumn Active Floodplain Dead Sea, Nakal Ze'elim 1845 0845 1Active Floodplain Central Negev, Mvakhtesh Ramon 1325 C020 1Active Floodplain Arava ValIley, Yotvata 1687 9243 1Active Floodplain Southern Negev, Nahal Paran 1450 9708 1Active Floodplain Southern Negev, Uvda Valley 1470 9353Alluvial Fan Southern Negev, Mount Ainran 1457 8169 1Active Floodplain Eastern Sinai, Wadi Khrneira 1314 8884 1Active Floodplain Eastern Sinai, Wadi Maridara 1040 8100 1Active Floodplain Eastern Sinai, Bir Saeal 0745 7968 1
RegSoil, Holocene Alluvial Terrace Arava Valley, Hatieva 1780 0198

Alluvial Terrace Central Sinai 0000 9551 1Alluvial Fan Terrace Dead Sea, Nakal Ze'elimn 1845 0855 8Alluvial Fan Terrace Dead Sea, Nahal ze'elim 1835 0858 2Alluvial Fan Terrace Dead Sea, Nahal Ze'elirn 1845 0848 8Alluvial Fan Terrace Dead Sea, Nahal Ze'elita 1838 0848 4Alluvial Pan Terrace Dead Sea, Nahal Ze'elirn 1845 0843 13Alluvial Fan Terrace Dead Sea, Nahal Zeelim 1842 0847 6Alluvial Fait Terrace Dead Sea, N'ahal Ze'elimn 1848 0836 5Alluvial Terrace Central NPcgc'v, Zirk Valley 1412 0260 1Alluvial Terrace Central Negev, Makhtesh Ramon 1504 00 27 1Alluvial Terrace Central Negev, Makhtesli Ramnon 1325 0020 2Alluvial Terrace Southern A rava, Nabal Odein 15008 9172Alluvial Terrace Southern Negev, Timna Valley 1468 9114Alluvial Fan Southern Negev, Mount Am&m 1457 8969 1Alluvial Fan Terrace Eastern Sinai, Wadi Mukeibila 1296 8665 5Debris Flow Fan Eastern Sinai, Wadi Mukeibila 1290 8650 3Alluvial Terrace Eastern Sinai, Wadi Khuweit 1150 8342 2Active Talus Eastern Sinai, Wadi Mandar:- 1040 8100 3
Reg Soil, Pleistocene Alluvial Terrace Arava \'allY, Eini Yahav 1742 0106Alluvial Terrace Central Negev, Zira Valley 1480 0335 1Alluvial Terrace Central Nvgcv, Zir, Valley 1505 0340 2Alluvial Terrace Central Ncgvv, M..khtesh Ratuon 1340 0040 1Alluvial Plain Arava Valley, Hiatteva 1730 02031Plateaui-Divide Southern Ncgtcv, Nahal Yaalon 1552 9428Alluvial Terrace Southern Ne-v Nahal Paran 1452 971-7 1Alluvial Terrace Southern Ncgt'v, Nahal Odes,, 1504 9168 2Alluvial Terrace Southerm Negs'v,Trilra Valley 1460 9110 3Alluvial Fan Southern NvAgyv, Nalial Yael 1444 889:1 1 -Alluvial Fan Souther n Netev, Qa En Naqb 1350 8921 4Alluvial Terrace Eastern Sinai, Wadi Mukeibilia 1287 8878 3Alluvial Terrace Eastern Sinai, Wn'adi Khiuweit 1178 8349 7Alluvial Terrace Eastern Sillai, Wadi Thamila 1123 W32 2Alluvial Terrace Eastern Sinai, Wadi Abu Ruta 1204 87551
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Soil Typel Type or Phyalographle Unit; Reglon; Location Coordinates No. of
Surficlal LDepoit Landform (Israel Grid) Profiles

Reg Soil, Pleistocene Talus Relict Central Negev, Makhteah Ramon 1332 0041 1

Paved Talus Central Negev, Makhtesi, Ramon 1315 0018 3
Paved Talus Central Negev, Makhtesh Ramon 1328 0042 3

Paved Talus Arava Valley, Paran 1608 9739 2

Paved Talus Southern Negev, Mount Amram 1485 8985 2
Paved Tal-is Eastern Sinai, Bir Sa'al 0745 7968 2
Debris Flow Talus Eastern Sinai, Siket Niqbein 0744 7918 1

Paved Talus Eastern Sinai, Siket Niqbein 0744 7918 1

Reg Soil (age?) Alluvial Terrace Dead Sea, Mitspe Hiatiatson 1835 1075 1

Alluvial Terrace Eastern Sinai, Wadi Sa'ada 1140 8208 3
Paved Talus Eastern Sinai 1233 8555 3
Alluvial Terrace Eastern Sinai. Bir Zreir 1090 8015 4

Rockfall Talus Eastern Sinai, Bir Zreir 1095 8055 2

flarmmads Soil Plateau Eastern Samarian Ms., Ma'ale Efraim 1597 0390 1
Plateau.-Hillslope Crest Central Sinai, Makhteeh Ramon 1185 9937 1

Rocky Hillslope Central Negev, Mount Lots 1128 9912 1
Plateau-Divide Southern Nurcv, Mount Amram 1460 8970 1

Lithoaol Plateau-lillslope Crest Judean Desert, Bani Naim Ridge 1715 1120 1

Andulating Hill Dead Sea, Mirtpe Latzatton 1868 1085 1
Hillslope Northern Nege,, Sde Boker 1270 0310 10

Scrosem Soil Alluvial Terrace Jordan Valley 2010 1985 1

Gravelly Regsol Sieve Deposite Talus Southern Negev, Mount Arwram 1465 8985 1

Debris Flow Talus Eastern Nvgcv, Wadi Khmeira 1311 8685 3
Sieve Deposit Talus Eastern Neg;:v, Wadi Krnmeira 1288 8650 2

Saline 13.rown Clayey Hillslope Western Nrguv 1015 09,10 2
Re: gusol

Alluvial Sand Alluvial Terrace Western Negcv, Mount Qeren 1003 0460 1

Brown Alluvial Soil Hillslope North Easter, Negev, Qriot 1024 0830 2
Alluvial Terrace Jordan Valley 1953 1467 1

Alluvial Fan Jordan Valley 1925 1575 1
Playa Jordan Valley 1932 1581 1

Alluvial Fan Jordan Valley 1947 1601 1

Crumusol Plateau-Saddle Eastern Sainaria Nits., Ma'ale Efraim 1880 1050 1
Piateau-Hillslope Crest %Wstorn Negv 1105 1185 1

Hillslope \%stern Nrg,-v 1103 1181 1
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APPENDIX 3 GLOSSARY

Note: The following terms are defined for application in the context of the present report. In
some cues the definitions are not suficient for general use. The emphasis hem is on terrains of
the hot deserta.

Acid Volcanic Rocks Igneous rocks Basalt A general term for dark colored

that have been poured out or ejected at or mafic igneous rocks, commonly extrusive
near the earth's surface, having a higher but locally intrusive, composed chiefly of

percentage of silica than orthoclase, the calcic plagioclase and clinopyroxene;

Iin iting figu re commonly adopted being the fine grained equivalent of gabbro.
60%. B Horison (in desert soils) A

Aggregate A group of primary particles mineral soil horison in which the parent
intimately bound such that they form sediment or rock structure and texture
secondary units. has distinctly changed, charachterised

by: (a) an illuvial concentration of silt,
mineral H lorion e e t ra) A clay and occasionly fine sand; (b) weath-
mineral soil hntson formed at or adja- ering of certain minerals and iron

released as oxides/hydroxides; (c) some

Alluvium An unconsolidated sediment new structure has formed; (d) usually
deposited by a stream or a river (a fluvial shows accumulation of salts, gypsum or

sediment). Composed of gravel, sand, carbonate.

silt, clay. Brown Alluvial Soil A brown soil

Badlands An extremely dissected formed of youn; alluvial deposits in val-
landscape, characterized by very fine Icy floors. The texture is loamy and

drainage network, usually carved in un- ofter, contains CaCOa.
consolidated or poorly cemented materi- Brown and Light Brown Loessial

Is such as silt, clay, shale, chalk, vol- Soils A soil formed of eolian or flu-
canic ash. Lack of vegetation, steep gra- vial loess usually with an AB_,C or an
dients and erodible materials are favor- A1 3 , pr~file. The texture is sandy-
able enviromental conditions for bad- loam, loam or clay-loam. It contains
land formation. CaCO3 nodules throughout most of the

Bajada or Bahada The nearly flat profile.
surface of a continuous apron consisting Buried Soil/tlorizon A soil or an
of confluent alluvial fans which together horizon (B or C) is considered to be
with the pedimoent make up the pied- buried if there is a surface mantle or if
mont slope in a basin, it is uverlain by a mantle of new materi.

Ballena A major lardform comprising al. (see palesol)
distinctively round topped ridgeline rem- ca-Calcic Horizon A soil horizon
nants of fan alluvium. The ridge's with a secondary concentration of
broadly rounded shoulders meet from ei- CaCO of at
ther side to form a narrow crest and
merge smoothly with the concave Chalk A very soft, white to light gray,
bacrslopes. unindurated limestone composed of the

tests of floating microorganisms and
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some bottom dwelling forms In a matrix fine sand, clay) horison. The gravel is
of finely crystalline calcite. Some chalk usually mechanically shattered and fiat
can be almost devoid of organic remains, lying.

C Horison A mineral soil horison or a Divide A belt of separation between

layer underlying B horison (q.v.), usual- drainage systems: the summit of an in-

ly similar in structure and texture to terfluve.
the parent sediment or rock, but weath- Dolomite A carbonate sedimentary rock
ered and unconsolidated, of which morm than 50% consists of the

Clay A soil or sediment separate consist- mineral dolomite, oi a variety of lime-

ing of particles < 0.002mm in (e- stone or marble rich in magnesium car-

quivalent) diameter. Fine clay - < bonate.
0.001mm. Dune Mound or ridge of wind blown (or

Climatic Regimes of the hot deserts eolian) unconsilidated sand.
are here subdivided accordingly to the Sand dune - An olian dune and a
mean annualy precipitation as folows:

(a) emi-r~d- 40-250mm/ear;(b)landform element built of sand size(a) seml-arld - 400-250 am/year; (b) m n rlp rils

moderately arid - 250-150 mm/year;
(c) arid - 150-80 amn/year; (d) ex- StabIllsed dune - A non-active dune

tremly arid -- <80 mm/year. stabilised by vegetation and

Colluvium Colluvium is the superficial penetrating airborne dust and salts.

mantle of unconsolidated rock debris Climbing dune - A dun* climbing on

which consists of hetrogeneous materials a hillslope.

of any particle size which accumulate on

the lower parts or the base of slopes. Dust -- Desert Dust The material ift

cs-Gypsic Hlorizon A soil horizon nur/lcial deposits (including soils) and in

with a visible secondary concentration the atmosphere composed of particles

of gypsum, usually more than 5%. smaller than 0.0525mm. It consists
mostly of silt sise particles

Debris Flow A dense (80-80% solids, by (0.002-0.0625mm in diameter) with
weight), viscous and rapid flow consist- lesser amounts of clay (<0.002mw) and

ing of coarse particles embeded in fine may include some very fine sand

material. it usually begins on unvegetat- (0.0525-0.125mm). Dust can remain in

ed talus or colluvial slopes during ex- suspension in the atmosphere for long

tremely heavy pre-ipitation. The depo- periods of time and be transported for
sits are unstratified, poory sorted with long distances.

coarse particles matrix supported in
elongated, lobate forms. Commonly Elctrcal conductivity in soElectrical conductivity is a measure for
coarse particles armour the surface and

form low ridges (levees) bordering the the concentration of soluble salts in
flow. soils. Electrical conductivity is recipro-

cal of electrical resestivity. The dimen-

Debris Flow Fan see: Fan - Debris sions are I/ohm cm or mho per cm. The
Flow. conventionally used units for soil solu-

tion or extract are millimho/cm. The
Desert Pavement Desert pavement is a

type of surficial cover composed of > standard temperature for reporting

40% gravel, overlying a fine earth (silt, electrical conductivity measurements is
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2SOC. Grus Angular fragments of crystal grain

Fan - Alluvial An alluvial fan i a size produced locally by weathering of

body of stream depot-its whose surface coarse crystaline rocks, frequently gran-
ite.

approximates a segment of a cone that

radiates downslope from the point where amrnmada A shallow soil developed in
the stream leaves a mountaineous area. situ, usually on hard bedrock on gently

Alluvial fans have greatly diverse sises, sloping terrains, covered by angular rock
elopes, types of deposits and source-area fragment. The profile includes ABR,

characteristics. They are most ACR, or ABCR horizons (often gypsic or
widespread in the dried parts of the saline).

world. Ililislope The inclined surface of a hill,

Farn - Debris flow An accumulation mountain plateau, plain or any part of

of debris brought down by a debris flow the surface of the earth. Slope is also
descending through a steep raving and the angle at which such a surface dcvi-

debouching in the plain beneath where ates from the horisontal.
the detritial material spreads out in the Ilolocene (Recent) An epoch of the
shape of a fan. Quaternary (q.v.) period, from the end of

Fine Earth The textural separate of the the Pleistocent (q.v.), approximately

soil which includes sand, silt and clay. 10,000 years ago, to the present time.

Flint (Chert) A hard, extremely dense Igneous Rocks A rock that solidified
or compact, dull to senivitreous micro- from molten or partly moltcn materiel,

crystalline or cryptocrystalline sedi- i.e. from magma.
mentary rock, consisting dominantly of Limestone A sedimentary rock consist-
interlocking crystals of quarts. It may
contain amorphous silica, and impurities igcify(oeta 0)o acuisuch as calcite, iron oxide and remains carbonate, primarily in the form of the

mineral calcite, and or without mag-
of riliceous and other organisms. nes;um carbonate.

Flcod Plain A geomorphic featureFloo Plan A eomrphi feaure Lithosol A shallow soil with no well
formed by strearn/rivr, it represents the L ethopdA, s o withonozwellarea in which the stream/river flows, developed AC, ACR, C or CR horizon .
eroes nd wepohtheinste i er flod. . Usully formed on soft, friable bedrock,erodes and deposits in tim e of flood. A o t n g a el n a i eoften gravelly and saline.
flood plain is composed of channel and

uverbank deposits. Lo,±m Soil material or deposit which con-

Granite A term loosely applied to any ains 7-27% clay, 28-50% silt, <525,

light colored coarse grained plutonic sand (see figure IC in chapter C.1).

rock containing quartz as an essential Loess Material transported and deposited
component, along with feldspar and by wind and consisting ot predominant-
maiec minerals. ly silt with some very fine sand and clay

particles.

Gravel Sediment or s,,il particles coarser

than 2mr. in diameter. Subdivision of Loessial Serozern Soil A soil

gravel: granule - 2-4mm; pebble developed of loess parent material. Ver.
4-64mm; cobble 6- 1-256mm; boulder - Light brown or yellowish brown in color,

>25mm. usually sandy loam or loam in texture.
Contains carbonate nodules and at depth t _
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gypsum and salts. (q.v.). It began approximately 1.8 million

Loessial Soil A soil developed from years ago and lasted until the Holocene

loess parent material. In many cases it came 10,000 years ago.

forms on alluvial loes, derived from pri- Quaternary The second period of the

mary eolian deposits. The texture Is Cenosoic era, following the Tertiary. It

loam, silty loam or fine sandy loam. began approximately 1.8 million years

Marl An old term loosely applied to a ago and extends to the present. It con-
sists of the Pleistocene (q.v.) and the

variety materials, most of which occur ofhe (q.v.) periods

as loose, earthy deposits consisting

chiefly of an intimate mixture of clay Regosol A deep soil with AC or C hor-

and calcium carbonate, formed under isons, formed from unconsolidated
marine or freshwater conditions. parent material, usually on hillslopes.
35-85% clay; 5-35% carbonate. R Horizon Continuous, unweathered sed-

Metamorphic Rocks Any rock iment or bedrock.
derived from pre-existing rocs by Reg Soil A soil with ABC, AC or ABR
minerlogical, chemical and/or struc- e oilo so with bC Asor ABR
tural changes, essentially in the solid ho in ne by det pa ict

state, in response to marked changes in ad cti how deps

temperature, pressure, shearing stress s r cai hr t ev sfromn coarse desert alluvium or colluvi-
and chemical environment, generally atdept in he arths crsturn, under an arid to extremely arid eli-depth in the Earth's crust.mae

mate.

Pabosol A soil which have formed in Riser A steeply sloping surface of one of

landscapes of the past (see als', buriedsoil/horizon), a series of natural step-likce land forms,

as those of successive stream terraces.
Plain A region of general uniform slope, Sabkha A term used on the Arabian Pen-

comparatively level of considerable ex-
tent andnot rokn bymarkd elva. insula for a salt flat or low salt encrust-

ed plain restricted to a coastal area, as
tions & depressions: it maybe an exten-
sive valley floor or a plateau summit. A

plain is here defined as an extensive area Saddle A low point on a ridge or crest
having relief < 20m and gradients of line, generally a divid between the heads

<10". of streams flowi: in opposite directions.

Plateau A relatively elevated area of Sand Soil or sediment particles between 2
comparatively flat land which is com- and 0.0625mm in diameter. Fine sand

monly limited on at least one side by an <0.250mm.
abrupt descent to loer land. Sandstone A cemented or otherwise

Playa An ephemerally flooded usually compacted detrital sediment composei

barren area on a hasin floor that is predominantly of quarts grains, the
veneered with fine textured sediments grades of the latter being those of sand.
and/or salts. Acts as a temporary or the Sandy Regosol A deep soil with AC or

final sink for drainage water. SnyRgsl Ade olwt Co
C horizons formed from unconsolidated

Pleistocene An epoch of the Quater- sand. A horizon is light in color and

nary (q.v.), between the Pliocene of the contains small amount of organic ma-
Tertiary (q.v.) and before the Holocene terial.
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Sandy Soil Sandy soil is a soil which in- Solondrak A soil containing high

cludes sand as a major textural corn- quantities of salts especially in the

ponent. Such soil ;4 rather diversified ac upper horisond. Develops in playas and

cording to the pedogenic processes in- sabkhas where saline groundwater level

volved. is shallow.

s. - Salic Itohizon A soil horison Talus Talus is here defined as a debris

with a visible secondary concentration mantle on a hillslope or at its foot,

of soluble salts (frequently chlorides), formed by rockfall, slope wash, debris

usually containing more than 2% of flow or creep. It assumes

salts. different/various forms: an apron at the

foot of a cliff; a cone at the mouth of a
Serozem Soil A soil with ABC or ABBb gully or a small ravine.

horizons, usually light in color. The types of talus slopes in the present

Contains at shallow depth a calcic report are: rockfall talus, debris flow

and/or gypsic horizons. (q.v.) talus, paved (by desert pavement,

Shale A line grained sedimentary rock, €.V.) talus and sieve deposit (q.v.) talus.

formed by the consolidation of clay, silt Takyr A fine textured soil developed on a
or mud. It is characterized by finely lam- playa surface without a watertable close

inated structute, which imparts a fissili- enough to the surface to permit salt

ty approximately parallel to the bed- crust to appear. It usually has a slightly

ding. It normally contains at least 50% to moderately saline subsoil.
silt with 35% "clay or fine mica fraction"

and 15' chemical or authigenic mater;- Terrace --- Alluvial, Rock-cut

als. It is generally soft but sufficiently An abandoned, inactive, stream channel,

indurated, flood plain or alluvial fan.

Sieve Depo.4it Coarse grained lobate Alluvial Terrace - a stream terrace

masses on an alluvial fan and talus composed of unconsolidated alluvi-

whose material is sufficiently earse and urn.

permeable to pe;rnit complete infiltra- Rock-cut Terrace - a terrace, usually
tion of water and dust. cut by a stream in bedrock.

Silt A soil or sediment separate consisting

of particles between 0.0625 and Tertiary The-firit , riod of the Ceno-

0.002nim in (equivalent) diameter. Fine zoic era, betwee,. the Mesozoic and the

silt -- '-0.016mm. Quaternary; covered the span of time
between 6.5 and 1.8 million years ago. It

Soil Horizon A layer of soil differing is subdivided into five epochs: the Paleo-

from adjacent genetically related layers cene, Eocenc, Oligocene, Miocene and

in variowi properties (physical, chemical, Pliocene.

biological, structure, texture, color).
AsT ture of soil or deposit A meas-

Soil Profile A. soil profile consists of the tre of the size of the particle com-
vertical arrangement of all the soil hor- ponents ard the particle size distribu-

izuns (q.v.) down .o the parent material. tion (see figure C.l.l,'" - in chapter C.1).

Soil (Deposit) Texture see: Texture Tread The flat or gently sloping surface

of Soil, Deposit. of one of a series of natural step-like

landforms, as tse of successive stream

terraces.
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PLATE i

A Typical landforms of dissected limestone terrains (northen Negev):

(1) Crest.
(2) Rocky hillslope.
(3) Interchanging rocky scarplets with loess covered beaches.
(4) Colluvial footolope.
(5) Dissected colluvial - alluvial Ill.

B A porton of kie Negev on a satellite Imagery. Note several broad landscape types:

(1) Loessial terrains.
(2) Dane Asids.
(3) Dissected limestone terrains.
(4) Alluvial plains.
(5) Limestone plateaus.
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PLATE 2

A A stabilised sand dune (1) overlain by an active climbing dune (2).

Mt. Qeren, northwestern Negev.

B An active dune with ripples climbing over the ruins of Bysantine Rehovot in the
northwestern Negev.

C Longitudinal dunes along the coast of northeastern Sinai.

D Loess overlying chalk in the northen Negev.

Note the thicker looe mantle on the north facing hillslope (righthand side of the
photo).
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PLATE I

A The plays oV Q& EnMaqb, southern Nopv, surrounded by alluvial fing. Takyr soils
harseterls the plays surfaes.

B A plays boder ed by alluvial fens (southern Aray Valley).

(1) Old alluvial fins mantled by Reg Bolls.
(9) A tive alluvial tan - sand and gravel.
(a) Outer plays Ions (vgetalted) - silty sland and land.
(4) Transition sone - sandy silt, saline and gypslforoug,
(1, Inner play& lone - sandy and silty slay, highly saline and gypslferous.

0 loft, puffy and wet sillt-clayy plays outace.

Avions playssouthern Arava Valley.

D loft, puffy, highly saline and sterile Inner plays sons.

Avrona pllay, southern Arava Valley.
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PLATE 4

A (1) Alluvial surfaces of different Quaternary ages mantled by Rag soils.
(2) The extensive plays of Al Jar.

Southern Jordan.

B Holocene alluvial surfaces of Nakal Hover, draining into the Dead Sea.

C Alluvial surfaces of different ae:

(1) Pleistocene surfaces with a well developed desert pavement over a smooth our-
face.
(2) Holocene surfaces with a gravel bar and swale morphology.
(3) Active floodplain.

Timna Valley, southern Negev.

D Dissected alluvial fans with rounded and narrow ridges - ballenas.

Nahal Roded, southern Arava Valley.
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PLATES
A The complex alluvial ran of Wadi Wattir, eastern Sinai:

(1) Alluvial ran composed primarily Of gravel and so-.
(2) A belt Of active sand dunes.
(3) Coastal oabk ha.

B3 Surficial patterns of alluvial ratio (Eastern Sinai):

(1) Pl'1istocenke ciurfaces, smooth with a well developed desert Pavement.(2) Hiolocene surfaces ~ th well preserved gravel bars and swalts.
(3) Activt floodplain.
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PLATE 0

A Debris flow fan surfaces of Holocene age, composed of sieve deposits.

South of Wadi Mukeibila, eastern Sinai.

B A debris flow fan of Holocene age, composed of sieve deposits,

Eastern Sinai.

C Recently deposited sieve deposits.

Wadi Naseb, eastern Sinai.

J) A recently deposited debris flow with sieve deposits at the surface.

Wadi Naseb, eastern Sinai,
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PLATE I

Some landforms associated with mre escarpments:

A (1) A plateau with lIammeda sails.
(2) Talus Weicte, composed of debris Bow deposits mantled by Reg soils.
(3) Transition between talus and bajada, mantied by Reg soils.
(4) Middle Pleistocene alluvial fan terraces with Reg soils.
(5) A late Quaternary alluvial fan terrace with Rog soil.

Makhtesh Remon, central Naeg.

B An active talus slope. Note recently active debris lowa. South of Wadi Mukeibila,
eastern Sinai.
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PLATE 8

A (1) Hillcrest flat with Hammada soil.
(2) Limestone benches with loessial Serosem soils and Lithosols.
(3) Footalope colluvium with calcic and gypsic lossial soils.

Nitsana area, western Negev.

B An undulating high plateau. The soils are highly clayey and calcic.

(I) Hammada soil.
(2) Clayey, calcic loessial soil.

Mt. Katerina, southern Sinai.

C Talus slopes composed of rookfall debris and sieve deposits. The bedrock lithology
is rhyolitic quartz porphyry.

Mt. Amram, Southern Negev.

D Talus slopes at the foot of a large scarp. The taluses are composed of debris flow,
rockfall and washed grus deposits. The bedrock lithology is coarse crystalline
granite.

Santa Katarina area, southern Sinai.

E Talus slopes, composed of debris flow and rockfall deposits:

(I) An active talus.
(2) A talus relict mantled by talus Reg soil. Bedrock lithology is flint and marl
layers (Sayarim Formation) overlying chalks (Menuha Formation).

Southern Arava Valley margins.

F Talus slopes composed primarilly of debrib flow deposits.

Note recent debris flows on the upper part,

Wadi Mukeibila, eastern Sinai
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PLATE g

Densely dissected and badland terrains:

A Lots* and loessial soils In the southern coastal plain in Israel.

B Chalks and shales of the Lisan Formation in the northern Arava Valley.

C Marla and shalt, in the Zin Valley, northern Negev.

D Chalks overlain by flint, northen Negev.
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PLATE 10

A Round structures of an archaeological site of Middle Bronse I Age (-4000 years
old). The structure is partly filled with eolian dust.

Nitzana Site, western Negev.

B A cut in a Middle Bronse I house, partly filled with eolian dust and collapse stones.

Be'er Reesisim, western Negev.

C A cut in a dust and gravel fill of an Early Bronse archaeological site (-4500 years
old).

Tel Arad, northe:n Negev.

D Stratified fluvial loess and gravel fill behind a dam.

Western Negev.
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PLATE 11

A A well developed Hlammada soil on a limestone plateau. A complete cover of desert
pavement overlying a gravel-free B horison.

Southern Negev

B A Hammada soil profile on a quarts prophyritic bedrock. A complete, well
developed, desert pavement cover; a silty vesicular A horison (1 cm thick); the C
horison (30 cm thick) is composed of mechanically weathered gravel, with highly
saline and gypsyferous silty sand (including gypsic gravel coatings).

Mt. Amram, southern Negev.

C A young Takyr soil in the southern Negev, composed of silt-loam.

D A Pleistocene Reg soil in eastern Sinai: a gravel-free B horison and a highly gypsi-
ferous and saline C horison. Note the gypsic pebble coatings.
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PLATE 12

A Stratified alluvium in a Holocene terrace, composed of gravel and sand.

Mt. Amram, southern Negev.

B Stratified and cross-bedded fluvial (1) sands and (2) silty loam@.

East of Yotvata, southern Arava Valley.

C Gypsum coating of cobbles in a Pleistocene Reg soil.

TImna Valley, southern Negev.

D Discontinuous gypsum coating on gravel in the C horison of a latest Pleistocone -
early Holocene liammads Soil.

Mt. Amram, southern Negev.
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PLATE 13

A An early Holocene Reg soil: a locally well developed desert pavement overlying a
thin vesicular silt-loam A Lorison (0.5 cm thick). B horison is gravelly and slight-
ly saline. C horizon is highly S;!avelly, gypuiferous and saline. Note the mechani-
cally weathered gravel in the C htison.

Nahal Ze'elim, western Deed Sea.

B An early Holocene Reg soil in Timns Valley, southern Negev. The vesicular A hor-
ison ig 1.0-1.5 cm thick; B horison is 5-10 cm thick and highly silty; C horison is
gypsiferous and saline, with a high proport.on of salt weathered gravel.

C A Pleistocene Reg soil on a high terrace of Wadi Sa'ade, eastern Sinai. Note the
difference between the highly gypsiferous right hand side and the far less gypsi-
ferous left bank side of the C horizon.

.I9

D An old polygenetic Reg soil on a late Tertiary surface. A thick layout grave free
silt loam A and B horisons, is overlain by a well developed desert pavement.
Paleocalcic and paleogypsic horisons are observed below depth of 70 cm.

E A lat Pleistocene Reg soil with a petrogypsic horizon in the southern Arava Val.
Iey.

F A mottled calcic paleosol hurried under a later loessial cover in Nahal(=wadi)
Nitsana, western Negev.
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PLATE 14
A A gravelly surface of an early Holocene alluvial fan. An early stage of desert

pavement development.

Wadi Mukeibila, eastern Sinai.

B A well developed desert pavement.

Nahal (=wadi) Nitzana, western Negev.

C Plates of sandstone over sand and bedrock.

Southern Sinai.

D A typical Hammada surface:

(1) Limestone 1edrock, in situ.
(2) Desert pavement over Hammada soil in pockets.

Western Negev.
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PLATE 15

A Encrusted debris mantle on shales. The crust is composed of 60-70% clay, 30-40%
silt, and minor amounts of fine sand (< 5%).

Northern Negev.

B Fine angular gravel Is sieve deposited in an active alluvial fan.

Mt. Amram, southern Negev.

C A loamy crust deposited on an active floodplain.

Biq'at Uvda, southern Negev.
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